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2 001  1378 


NANEN-F 


Honorable  Hugh  L.  Carey 
Governor  o£  New  York 
Albany,  New  York  12224 


Dear  Governor  Carey: 


The  purpose  of  this  letter  is  to  inform  you  of  a clarification  of  the  guide- 
lines used  by  this  office  in  assessing  dams  under  the  National  Program  of 
Inspection  of  Dams. 

Office  of  the  Chief  of  Engineers  has  recently  provided  a clarification  that 
dams  with  seriously  inadequate  spillways  are  to  be  assessed  as  unsafe,  ron- 
emergency,  until  more  detailed  studies  prove  otherwise  or  corrective  measures 
are  completed . 

The  following  dams  in  your  state  have  previously  been  assessed  as  having 
seriously  inadequate  spillways,  with  capability  to  pass  safely  only  the  per- 
centage of  the  probable  maximum  flood  as  noted  in  each  report.  They  are  now 
to  be  assessed  as  unsafe: 


I.D.  NO. 

NAME  OF  DAM 

N.Y.  59 

lower  Warwick  Reservoir  Dam 

N.Y.  4 

Salisbury  Mills  Dam 

N.Y.  45 

Amawalk  Dam 

N.Y.  418 

Jamesville  Dam 

N.Y.  685 

Colliersville  Dam 

N.Y.  6 

Delta  Dam 

N.Y.  421 

Oneida  City  Dam 

N.Y.  39 

Croton  Falls  Dam 

N.Y.  509 

Chadwick  Dam  (Plattenkill) 

N.Y.  66 

Boyds  Corner  Dam 

N.Y.  397 

Cranberry  Lake  Dam 

N.Y.  708 

Seneca  Falls  Dam 

N.Y.  332 

Lake  Sebago  Dam 

N.Y.  338 

Indian  Brook  Dam 

N.Y.  33 

Lower (S)  Wicoopee  Dam  (Lower 
Hudson  W.S.  for  Peekskill) 
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NANEN-F 

Honorable  Hugh  L.  Carey 


I.D.  NO. 

NAME  OF  DAM 

N.Y.  49 

Pocantico  Dam 

N.Y.  445 

Attica  Dam 

N.Y.  658 

Cork  Center  Dam 

N.Y.  153 

Jackson  Creek  Dam 

N.Y.  172 

Lake  Algonquin  Dam 

N.Y.  318 

Sixth  Lake  Dam 

N.Y.  13 

Butlet  Storage  Dam 

N.Y.  90 

Putnam  Lake  (Bog  Brook  Dam) 

N.Y.  166 

Pecks  Lake  Dam 

N.Y.  674 

Bradford  Dam 

N.Y.  75 

Sturgeon  Pool  Dam 

N.Y.  414 

Skaneateles  Dam 

N.Y.  155 

Indian  Lake  Dam 

N.Y.  472 

Newton  Falls  Dam 

N.Y.  362 

Buckhorn  Lake  Dam 

The  classification  of  "unsafe"  applied  to  a dam  because  of  a seriously  in- 
adequate spillway  is  not  meant  to  connote  the  same  degree  of  emergency  as 
would  be  associated  with  an  "unsafe"  classification  applied  for  a structural 
deficiency.  It  does  mean,  however,  that  based  on  an  initial  screening,  and 
preliminary  oomputat ions , there  appears  to  be  a serious  deficiency  in  spill- 
way capacity  so  that  if  a severe  storm  were  to  occur,  overtopping  arri  failure 
of  the  dam  would  take  place,  significantly  increasing  the  hazard  to  loss  of 
life  downstream  from  the  dam. 


Consequently,  it  is  advisable  to  implement  the  recommendations  previously 
furnished  in  the  reports  for  the  above-mentioned  dams  as  soon  as  practicable. 

It  is  requested  that  owners  of  these  dams  be  furnished  a copy  of  this  letter 
and  that  copies  be  permanently  appended  to  all  reports  previously  furnished 
to  you. 

Sincerely  yours. 


CLARK  H.  BENN 

Colonel,  Corps  of  Engineers 
District  Engineer 
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Plate 

1.  Overall  view  of  the  dam  from  left  abutment. 

Note:  Seepage  visible  on  section  of  dan  below  gate  house. 

APPENDIX  C 

2.  Left  abutment  portion  of  dam  from  downstream. 

Note:  Deterioration  of  gunite  facing,  seepage. 

Visible:  Old  gate  house  at  toe,  stilling  pools  for  principal  and  emergency 

spillway. 

3.  Right  portion  of  dam  from  downstream. 

Note:  Deterioration  of  gunite  facing,  sprays  in  spillway  apparently 
caused  by  deterioration  in  concrete. 

Visible:  Stilling  pool,  rip  rap  protection. 

A.  View  of  immediate  downstream  area  from  top  of  dam. 

5.  Looking  at  major  seepage  area  below  gate  house  from  top  of  dam. 

Note:  Vegetative  growth  in  face,  rolling  and  bulging  of  gunite  facing. 
Amount  of  seepage  depicted  by  ground  saturation  and  puddles  at  toe. 

6.  Close  up  view  from  downstream  of  right  abutment  of  dam. 

Note:  Vegetative  growth  and  deterioration  of  gunite  facing. 

7.  Close  up  view  of  downstream  face  of  left  abutment  of  dam. 

8.  Close  up  of  deterioration  of  gunite  facing  on  downstream  face  of  left 
abutment  of  dam. 

9.  Upstream  face  and  gate  house  from  left  abutment. 

10.  Upstream  face  from  gate  house. 

Note:  Erosion  of  concrete  on  upstream  face  at  water  line. 


Thase  I Report 


Name  of  Dam:  Delta  Dam 

State  Located:  New  York 
County  Located:  Oneida 
Stream:  Mohawk  River 
Date  of  Inspection:  May  5,  1978 


ASSESSMENT 

The  visual  inspection  and  evaluation  of  Delta  Dam  did  not  reveal  any  problems 
which  would  require  immediate  emergency  action.  This  is  not  to  imply  that 
planning  and  implementation  of  followup  analyses,  design  and  construction 
should  be  put  off.  As  soon  as  practical,  the  following  studies  should  be 
initiated  by  the  owner. 

1.  Flood  routing  completed  for  this  structure  indicated  that  the  spillway 
is  seriously  inadequate  as  defined  by  ETL  1110  "Review  of  Spillway 
Adequacy".  The  dam  cannot  safely  pass  either  the  SPF  or  PMF. 

Either  additional  spillway  facilities  or  lowering  of  the  pool 
elevation  to  provide  additional  storm  storage  or  a combination  of 
the  two  should  be  studied  and  a plan  implemented  in  the  near  future. 

2.  A thorough  evaluation  of  the  condition  of  the  structure  including 
test  borings,  sampling,  and  testing  and  stability  analyses  should 
be  conducted.  Results  of  the  stability  analyses  should  reflect 
whether  the  structure  can  withstand  overtopping  and  used  as  a 
design  parameter  for  spillway  modifications.  The  condition  of  the 
concrete  within  the  dam  and  the  affect  of  seepage  throughout  the  dam 
should  be  determined. 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
DELTA  DAM  ID  It  NY  6 

SECTION  1.  PROJECT  INFORMATION 


1.1  Ceneral 


a.  Authority : Authority  is  provided  by  the  National  Dam  Inspection 
Act,  Public  Law  92-367,1972;  Contract  No.  DACW  51-78-C-0025. 

b.  Purpose  of  Inspection:  Evaluation  o£  non-Federal  dams  to  identify 
dams  which  are  a threat  to  life  and  property. 

1. 2 Description  of  Project: 

a.  Description  of  Dam  and  Appurtenances:  Delta  Dam  is  a cyclopean 
masonry  gravity  structure  about  100'  high  and  1000'  long.  The  dam 
was  completed  in  1912  and  is  used  to  supply  water  to  the  canal 
system.  There  are  two  large  (331  and  3S3'  long)  abutment  sections 
separated  by  a 300'  long  concrete  ogee  spillway.  On  the  left 
abutment  section  is  a gatehouse  which  controls  valves  for  four 
60"  steel  pipes  that  are  used  as  the  outlet  works.  The  top  of 

of  the  spillway  crest  is  550.0’hnd  the  top  of  dam  is  558.0'. 

b.  Location:  Delta  Dam  is  located  approximately  3-1/2  miles  north 
of  the  City  of  Rome,  Oneida  County,  New  York.  The  latitude  is 
43°-16.2'  and  the  longitude  is  75°-26' . 

c.  Size  Classification:  The  storage  capacity  at  normal  pool  is 
approximately  63,000  ac-ft.  and  the  height  is  100  ft.  On  this 
basis  the  size  classification  is  large. 

d.  Hazard  Classification:  The  dam  is  classified  as  high  hazard  be- 
cause of  the  presence  of  approximately  20  hones  immediately  down- 
stream and  the  City  of  Rome. 

e.  Ownership:  The  dam  is  owned  by  the  State  of  New  York  Department 
of  Transportation. 

f.  Purpose  of  Dam:  Delta  Dam  was  originally  constructed  and  is  cur- 
rently being  used  to  supply  water  for  the  canal  system. 

g.  Design  and  Construction  History:  The  dam  is  believed  to  be  designed 
by  the  State  of  New  York.  Construction  began  in  1909  and  completed 
in  1912.  The  contractor  was  Arthur  McMullin.  Construction  drawings 
are  available  at  the  Department  of  Transportation  offices.  Little 
information  was  available  on  the  construction  history  of  the  dam. 

Evaluation  of  seepage  through  the  dam  was  completed  in  1976-1978  by 
the  New  York  State  DOT  with  recommendations  made  for  stopping  the 

seepage. 
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h.  Normal  Operational  Procedures:  The  reservoir  supplies  water  for 

the  New  York  Canal  System  and  water  is  drawn  off  the  lake  as  needed. 
The  water  is  regulated  by  opening  the  four  60"  diameter  pipes.  If 
a large  storm  is  expected,  the  caretaker  ray  lower  the  lake  level 
to  store  some  of  the  runoff. 

1. 3 Pertinent  Data: 

a.  Drainage  Areas:  The  Delta  Dam  impounds  waters  of  the  Mohawk  River. 
It  has  a drainage  area  of  150  square  miles  of  open  rolling  country. 

b.  Discharge  at  Damsite: 

Maximum  Known  Flood  at  Damsite:  4.5'  over  spillway:  9,000  cfs 

Spillway  Capacity  at  Maximum  Design  Pool  Elev. : Unknown 

Spillway  Capacity  at  Top  of  Dam:  21,600  cfs 

Outlet  works  Capacity  at  Normal  Pool:  2,900  cfs 

Outlet  works  Capacity  at  Top  of  Dam:  3,100  cfs 

Total  Spillway  Capacity  at  Top  of  Dam:  Assumed  24,700  cfs 

c.  Elevation  (Ft.  above  MSL) : 

Top  of  Dam:  558 

Maximum  Pool  Design  Surcharge:  Unknown 
Spillway  Crest:  550 
Streambed  at  Centerline  of  Dam:  480 
Maximum  Tailwater:  490 

d.  Reservoir: 

Length  of  Normal  Pool:  2,300' 

Length  of  Maximum  Pool:  2,600'  (Top  of  Dam) 

e.  Storage  (ac-ft): 

Normal  Pool:  63,000 
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lu>s  Ign  Surcharge:  Unknown 
Top  of  Dmu:  87,500 

f.  Reservoir  Surface  (acres) : 

Top  of  Dam:  1,200 
Normal  Pool:  2,670 
Spillway  Croat:  2,670 

g.  Dam: 

Typo:  Cyclopean  masonry  gravity  dam 

Length:  1000' 

Height : 100' 

Top  Width:  10.5’ 

Side  Slopes:  Upstream  1:30 

Downstream  1:6.5 


Zoning:  N/A 

Impervious  Core:  N/A 

Cutoff:  Approximately  8'  wide  and  8'  dc*p  Into  rock 

Grout  Curtain:  Unknown  - 1924  report  -tvs  that  grouting  will 

he  done,  however  no  record  of  grouting  was  found. 

h.  Divers  Ion  & Regulating  Tunnel: 

Type:  Four  60"  diameter  pipes 

Length:  Approximately  70  feet 

Closure:  Opened  and  closed  hy  electric  otors 

Access:  At  gatehouse  on  crest  of  dan 

Regulating  Facilities:  Valves  with  eh  trie  motors  regulate  the 

flow  to  the  Mo!  . «k  River. 


i.  Spillway: 

Type:  Concrete  ogee 

Length  of  Weir:  300' 

Crest  Elevation:  550' 

Cates:  None 

U/S  Channel:  None 

D/S  Channel:  Approximately  65'  drop  at  1:6.7  slope 

j . Regulating  Outlets:  None 
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SECTION  2:  ENGINEERING  DATA 
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2.1  Design:  Pre-construction  drawings  are  available  at  the  Department  of 
Transportation  office  in  Utica.  No  hydrologic  or  hydraulic  design 
data  was  available.  A report  by  Thos.  H.  Wiggin  in  1924  summarizes 
stability. 


2.2  Construction:  No  construction  records  were  available  for  review. 


2.3  Operation:  No  operating  instructions  were  made  available  to  indicate 
proper  operation  of  the  outlet  works. 


2.4  Evaluation:  Some  of  the  hydrologic  and  hydraulic  data  necessary  to 
perform  a detailed  analysis  of  the  structure  was  not  available.  The 
material  that  is  available  appears  to  be  valid. 
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SECTION  3:  VISUAL  INSPECTION 


3. 1 F indings: 

a.  General : Delta  Dam  was  inspected  by  personnel  of  L.  Robert  Kimball 
and  Associates  and  the  New  York  State  Department  oE  Transportation 
on  May  5,  1978. 

b.  Dam:  The  dam  appears  to  conform  to  the  construction  drawings.  The 
dam  has  had  considerable  deterioration  in  the  past  which  has  been 
repaired.  Deterioration  and  seepage  problems  are  continuing  to 
progress. 

c.  Appurtenant  Structures:  All  drawdown  facilities  appeared  to  be  in 
good  working  condition. 

d.  Reservoir  Area:  The  .impoundment  retains  waters  of  the  Mohawk  River. 
The  overburden  in  the  area  is  relatively  thin  and  the  slopes  are 
moderate. 

e.  Downstream  Channel:  The  immediate  downstream  channel  is  medium 
wide  and  open  except  for  several  bridges  which  are  of  no  effect. 

The  channel  to  the  City  of  Rome  is  a medium  wide  flood  plain  with 
some  development  along  the  river. 

3.2  Evaluation:  Visual  inspection  revealed  that  the  dam  has  seepage  passing 
through  the  two  abutment  monoliths.  These  two  monoliths  show  significant 
deterioration  of  the  shotcrete  and  leaching  of  the  shotcrete  or  concrete. 
Some  of  the  leaching  may  be  coming  from  the  concrete,  since  severe  det- 
erioration was  noted  at  an  early  age  (1924). The  dam  is  founded  on  a dark 
gray  fissile  shale  which  is  nearly  horizontally  bedded.  This  type  of 
rock  usually  exhibits  significant  seepage,  but  it  is  not  present.  The 
drawdown  facilities  appear  to  be  in  good  working  condition.  The  down- 
stream area  would  be  affected  severly  if  Delta  Dam  were  to  fail. 
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SECTION  4:  OPERATIONAL  PROCEDURES 


m 


i 


4.1  Procedures:  The  dam  is  operated  as  a water  supply  for  the  New  York 

t Barge  Canal  System  and  water  is  drawn  off  the  reservoir  as  needed. 

At  times, if  a storm  is  expected,  water  is  expelled  from  the  reservoir 
so  storm  waters  can  be  stored. 

4.2  Maintenance  of  Dam:  Day  to  day  maintenance  is  performed  on  the  dam  as 
needed. 

4.3  Maintenance  of  Operating  Facilities:  Normal  maintenance  of  operating 
facilities  is  performed  as  needed. 

4.4  Description  of  Any  Warning  System  In  Effect:  No  warning  system  is 
present. 

• • 

4.5  Evaluat ion:  The  dam  and  appurtenant  structures  appear  to  be  operated 
at  regular  intervals  and  the  operational  equipment  is  well  maintained. 


. 


i 


[ 

I 


1. 


SECTION  5:  HYDRAULIC/HYDROLOGIC 


5.1  Evaluation  of  Features: 

a-  Design  Data:  No  hydrologic  design  data  was  available  for  the 
structure.  The  review  information  available  included  stability 
analysis  with  a maximum  water  level  2 feet  below  the  top  of  dam  at 
elevation  556  feet. 

Delta  Dam  is  used  primarily  for  canal  water  supply.  When  practical 
the  reservoir  level  is  lowered  to  accomodate  flood  waters.  The 
caretaker  reports  that  principal  spillway  gates  are  opened  when 
storms  are  predicted. 

b.  Experience  Data;  Reservoir  water  level  records  are  kept  by  the 
caretaker.  They  are  not  formally  recorded  by  the  owner. 

A report  titled  "Upper  Hudson  and  Mohawk  River  Basins  Hydrologic 
Flood  Routing  Models"  prepared  by  the  Mew  York  District  Corp3  of 
Engineers,  1976  contains  information  on  Delta  Dam. 

There  is  a U.S.G.S.  gauge  downstream  of  the  dam.  The  Corps  report 
indicates  a peak  discharge  of  21,819  cfs  for  their  model  of  the 
Transposed  Agnes  event.  The  caretaker  reports  a discharge  of 
approximately  9,000  cfs  during  the  Agnes  storm. 


Visual  Observations:  At  the  time  of  the  inspection  approximately  0.4 
feet  (5  inches)  of  water  was  discharging  over  the  spillway  crest 
(water  elevation  550.4'). 


One  of  the  four  spillway  gates  was  open  and  discharging.  All  four 
gates  were  operated  successfully  during  our  inspection. 

The  downstream  toe  stilling  pool  including  concrete  walls  and  rip 
rap  were  in  good  condition. 

The  immediate  downstream  channel  is  obstructed  by  a canal  aquaduct  and 
a highway  bridge.  These  structures  do  not  present  a concern  to 
overflow  capacity. 


d.  Overtopping  Potential:  To  determine  the  overtopping  potential  of 
Delta  Dam, flood  routing  was  conducted. 

This  potential  was  investigated  through  the  development  of  the 
probable  maximum  flood  (PMF)  for  the  watershed  and  the  subsequent 
routing  of  the  PMF  through  the  reservoir  system.  The  PMF  is  that 
hypothetical  flow  induced  by  the  most  critical  combination  of 
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precipitation,  minimum  infiltration  losses,  and  concentration  of 
run-off  at  a specific  location,  that  is  considered  reasonably 
possible  for  a particular  drainage  area. 
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The  drainage  area  contributing  to  Mohowk  River  at  Delta  Reservoir 
is  approximately  150  square  miles.  Snyder  coefficients  were 
developed  through  watershed  modeling  done  by  the  Corps.  An  average 
Cp  » 0.75  and  tp  » 12.3  were  established  to  define  the  basic  hydrologic 
working  tool,  the  unit  hydrograph.  Using  Hydrometeorological  Report 
No.  23,  the  PMP  index  rainfall  was  determined  to  be  19.0  inches  for 
a 24  hour  duration,  200  square  mile  basin.  The  percentages  of  the 
index  rainfall  applied  to  other  durations  were  interpolated  from  the 
plot  of  drainage  area  versus  percent  of  24  hours,  200  square  miles. 

The  computed  PMF  peak  flow  was  83,000  CFS.  After  routing  the  PMF 
through  the  impounded  storage,  the  peak  flow  was  reduced  to  67,900  CFS. 

A plot  of  the  PMF  inflow  and  outflow  hydrographs  is  included  in  the 
Appendix.  Assumptions  made  concerning  the  discharge*-storage  capacity 
of  the  dam  were:  ... . 

1.  The  reservoir  pool  was  assumed  to  be  at  elevation  550.0* 

(spillway  crest)  . 

2.  It  was  assumed  that  all  four  gated  spillway  pipes  were 
closed  in  developing  a discharge  rating.  This  condition 
is  possible  and  leads  to  a slightly  conservative  analysis. 

3.  A weir  coefficient  of  3.18  vas  calculated  from  available  spillway 
capacity  data.  The  coefficient  was  assumed  accurate  for  H>4'. 

A total  spillway  length  of  300*  was  assumed  correct  from  construction 
drawings.  For  discharges  above  top  of  dam  elevation  (558') 
a weir  length  of  662*  with  a coefficeint  of  2.8  was  added  to 
the  spillway  discharge  to  allow  for  flow  over  the  dam. 

4.  Elevation  - Storage  data  was  calculated  using  U.S.G.S.  topographic 
maps . 

The  ability  of  the  Delta  Dam  to  discharge  the  standard  project 
flood  (SPF)  was  also  evaluated.  The  SPF  peak  flow  of  49,600  CFS 
was  routed  through  the  impounded  storage  and  reduced  to  37,400  CFS. 

The  SPF  outflow  is  indicative  of  a pool  elevation  of  560.2  feet 
above  MSL.  The  dam  is  overtopped  by  2.2  feet,  the  spillway  crest 
by  10.2  feet.  The  PMF  outflow  of  67,900  CFS  is  equivalent  to  5.2 
feet  over  the  dam  (13.2  feet  above  the  spillway  crest). 

Summary  of  Flooc.  Routing 
Delta  Reser.oir 


Elevation  Top  of  Dam  = 558.0' 
Elevation  Crest  of  Spillway  = 550.0' 


< 
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PMF  Routing 


PMF  Peak  - 83,000  cfs 

PMF  After  Routing  Through  Reservoir  - 67,900  cfs 
Elevation  of  Routed  PMF  Corresponding  to  67,900  cfs  - 563.2' 
Dam  Overtop  - 5.2’ 

Spillway  Surcharge  - 13-2' 


SPF  Routing 

SPF  Peak  - 49,600  cfs 

SPF  After  Routing  Through  Reservoir  - 37,400  cfs 
Elevation  of  Routed  SPF  Corresponding  to  37,400  cfs  - 560.2' 

Dam  Overtop  - 2.2' 

Spillway  Surcharge  - 10.2' 

5 . 2 Hydraulic  Evaluation  of  Flood  Wave 

a.  Ceneral:  For  the  dam  break  analysis  the  flood  wave  for  both  the  total 
and  partial  failure  were  calculated.  The  dam  is  a cyclopean  masonry 
gravity  dam  founded  on  rock.  Partial  failure  appears  to  be  the  more 
probable  of  the  two  cases. 

A summary  of  flood  wave  calculations  follows  this  discussion.  For 
both  total  and  partial  failure  damage  to  structures  21,000  feet 
downstream  in  Colonial  Park  can  be  expected.  The  total  failure  would 
flood  portions  of  the  city  of  Rome,  New  York.  Partial  failure  flooding 
would  be  limited  to  structures  within  15  to  20  feet  of  river  level. 

For  partial  failure  structures  located  along  Route  46  within  2 miles 
of  the  dam  would  be  damaged. 
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SECTION  6:  STRUCTURAL  STABILITY 
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6.1  Evaluation  ot  Structural  Stability: 

a.  Visual  Observations:  No  misalignment  or  settlement  of  the  structure 
was  observed.  Water  was  flowing  over  the  spillway  and  prevented  a 
close  examination  of  the  crest  slab. 

b.  Design  and  Construction  Data:  Design  data  are  not  available  except 
from  the  1924  report  which  is  presented  in  this  report.  Construction 
data  are  not  available.  Dam  sections  were  reviewed  by  Thos.  H.  Wiggin 
in  1924  with  the  water  surface  at  Elev.  556.0  (6*  above  spillway  crest) 
with  and  without  water  pressure  beneath  the  dam.  The  line  of  resistance 
falls  within  the  middle  third  assuming  no  water  pressure  beneath 

the  dam  and  falls  a short  distance  outside  of  the  middle  third  if 
water  pressure  is  assumed  to  penetrate  2/3  of  the  area  beneath  the 
dam. 

c.  Operating  Records:  No  information  was  available  on  operating  records 
pertaining  to  the  stability  of  the  dam. 

d.  Post  Construction  Changes:  There  have  been  no  post  construction 
changes  which  should  affect  the  stability  of  the  structure. 


I 


e.  Seismic  Stability:  Seismic  stability  computations  are  not  available. 
The  reservoir  is  located  on  the  border  between  seismic  zones  1 and  2 
and  is  assumed  to  present  no  hazard  unless  static  conditions  are 
unfavorable  or  marginal. 
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SECTION  7:  ASSESSMENT /RF.MED IAL  MEASURES 


Dam  Assessment: 

a.  Safety:  This  dam  does  not  appear  to  present  an  immediate  danger  to 
life  or  property.  However,  the  cracks,  seepage  and  leaching  of  the 
concrete  may  increase  with  time  and  reduce  the  stability  of  the  structure. 
The  dam  does  not  appear  to  present  any  serious  operational  deficiencies. 
The  spillway  is  not  adequate  to  pass  the  S?F. 

b.  Adequacy  of  Information:  The  information  available  is  inadequate 
for  complete  analysis  of  the  dam.  The  validity  of  the  information 
available  appears  to  be  good.  Analysis  of  stability  for  maximum 
highwater  and  actual  uplift  pressure  is  needed. 

c.  Urgency:  The  condition  of  Delta  Dam  is  considered  to  be  a non- 
emergency situation  not  requiring  immediate  action  to  protect  down- 
stream development.  However,  due  to  the  presence  of  cracking, 
seepage  and  leaching, a follow  up  study  should  be  conducted  before 
the  situation  becomes  worse.  The  hydrologic  analysis  indicates  that 
remedial  action  is  necessary  in  the  near  future  to  provide  adequate 
hydrologic  controls  for  the  PMF. 

d-  Necessity  for  Future  Analyses: 


1.  A test  boring,  pressure  testing,  and  laboratory  testing  program 
should  be  conducted  to  evaluate  the  internal  integrity  of  the 
structure. 


2.  Piezometers  should  be  installed  to  monitor  the  uplift  pressure 
on  the  structure. 

3.  The  stability  of  the  structure  should  be  re-evaluated  using  the 
data  obtained  above  and  consider  maximum  high  water. 

4.  The  cause  of  the  seepage  should  be  further  investigated  as  sug- 
gested in  the  Materials  Bureau  report  (see  appendix  D) . 


7.2  Remedial  Measures: 

a.  Alternatives:  The  Materials  Bureau  report  should  be  followed  up 
using  the  alternative  decided  upon  by  the  New  York  Department  of 
Transportation. 

b.  Remedial  modifications  should  be  made  within  the  next  two  years  to 
increase  storm  storage  and/or  spillway  capacities  if  the  structural 
stability  of  the  dam  at  the  high  water  level  (PMF)  is  inadequate. 
Additional  spillway  facilities  may  be  added  at  the  abutments  and/or 
the  reservoir  pool  lowered. 


An  adequate  regulation  plan  and  warning  system  should  be  developed 
for  use  in  the  event  of  a threatened  failure. 
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DELTA  RESERVOIR 

1 

I The  bedrock  in  this  region  is  composed  chiefly  of  Utica  Shale,  which  is  of 
Middle  Ordovician  Age.  These  rocks  are  basically  horizontally  bedded  with 
only  a slight  dip  to  the  south.  The  area  is  relatively  stable  tectonically. 

During  the  late  Cenozoic  Era,  this  area  was  heavily  glaciated.  This  produced 
* sediments  of  various  thicknesses  and  consistencies,  particuarly  in  the  valley 

bottoms. 
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Description  of  Photographs 
Delta  Dam 


Plate 

1.  Overall  view  of  the  dam  from  left  abutment. 

Note:  Seepage  visible  on  section  of  dam  below  gate  house. 

APPENDIX  C 

2.  Left  abutment  portion  of  dam  from  downstream. 

Note:  Deterioration  of  gunite  facing,  seepage. 

Visible:  old  gate  house  at  toe,  stilling  pools  for  principal  and  emergency 

spillway. 

3.  Right  portion  of  dam  from  downstream. 

Note:  Deterioration  of  gunite  facing,  sprays  in  spillway  apparently 

caused  by  deterioration  in  concrete. 

Visible:  Stilling  pool,  rip  rap  protection. 

4.  View  of  immediate  downstream  area  from  top  of  dum. 

5.  Looking  at  major  seepage  area  below  gate  house  from  top  of  dam. 

Note:  Vegetative  growth  in  face,  rolling  and  bulging  of  gunite  facing. 
Amount  of  seepage  depicted  by  ground  saturation  and  puddles  at  toe. 

6.  Close  up  view  from  downstream  of  right  abutment  of  dam. 

Note:  Vegetative  growth  and  deterioration  of  gunite  facing. 

7.  Close  up  view  of  downstream  face  of  left  abutment  of  dam. 

8.  Close  up  of  deterioration  of  gunite  facing  on  downstream  face  of  left 
abutment  of  dam. 

9.  Upstream  face  and  gate  house  from  left  abutment. 

10.  Upstream  face  from  gate  house. 

Note:  Erosion  of  concrete  on  upstream  face  at  water  line. 
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PERTINENT  CORRESPONDENCE  AND  REPORTS 
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NEW  YORK  STATE 
DEPARTMENT  OF  TRANSPORTATION 

Raymond  T.  Schuler,  Cammisiomr 


1220  Washington  Avenue,  Stale  Campus,  Albany,  New  York  12226 
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CCN57.VJC 7IOf:  MANAGEMENT 


October  26,  1976 


Mr.  George  Koch,  Supervisor 
Dam  Safety  Program 

NYS  Department  of  Environmental  Conservation 
50  Wolf  Road 
Albany,  NY  12233 

Dear  Mr.  Koch: 


Re:  Dam  #935 

Delta  Reservoir 
Mohawk  River 

Pursuant  to  your  letter  of  August  12,  1976,  an  inspection  of  the  subject 
dam  was  made  by  members  of  the  New  York  State  Department  of  Transportation 
employees  from  the  Materials  Eureau  and  Soil  Mechanics  Bureau  of  the 
Technical  Services  Subdivision  and  from  the  Main  and  Regional  Offices 
of  the  Waterways  Maintenance  Subdivision. 

The  inspection  group  found  no  soils  problems  with  the  dam. 

Leaking  appears  on  the  downstream  face  of  the  dam  in  several  isolated 
areas  beneath  the  gate  house.  The  amount  of  water  appearing  at  the  face 
is  sufficient  to  indicate  that  water  is  passing  through  the  dam.  However, 
since  the  dam  is  a concrete  structure  which  is  keyed  into  bedrock,  the  leaks 
are  not  considered  serious  enough  at  this  time  to  classify  the  situation 
as  an  emergency. 

The  entire  dam  face  including  the  spillway  and  buttresses  have  been  repaired 
with  shotcrete  at  various  times.  The  condition  of  the  shotcrete  is  poor. 

Many  cracks  and  deteriorated  areas  exist  in  the  shotcrete.  Also  we  found 
that  the  shotcrete  emitted  a hollow  sound  when  struck  with  a hammer  in 
nearly  all  areas  that  were  reachable.  This  indicates  that  the  shotcrete  is 
not  bonded  to  the  dam. 

The  shotcrete  repairs  cover  all  original  vertical  and  horizontal  construction 
joints.  Water  may  be  coming  through  the  dam  in  a very  few  locations,  most 
likely  the  joints,  and  spreading  between  the  original  concrete  and  the  de bonded 
shotcrete  layer.  This  can  account  for  several  surface  leaks  on  the  dam  face. 


1-etcr  A.  A.  Berio, 
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August  12,  1976 


Mr.  J03cp’a  R.  Stellate,  Director 
h’atcrvays  Maintenance  Subdivision 
D.O.T.  Administration  & Engineering  Bldg. 
State  Caucus 
Albany,  Uew  York 


Re:  Dan  #935  Delta  Reservoir 
Mohawk  River 


Dear  Mr.  Stcllato: 


In  conformance  with  the  Dept,  of  Environmental  Conservation  Dnn  Safety 
program,  an  inspection  wao  made  of  the  referenced  dan  on  August  8,  1976.  Tho 
inspection  indicates  tiuit  the  concrete  in  the  downs trean  slope  of  the  dam  is 
spalling  and  in  need  of  repair.  Our  previous  inspection  of  this  ctructure 
was  on  April  5,  1973.  A review  of  our  reports  and  photos  from  the  two 
inspections  indicates  that  tho  concrete  deterioration  Ins  increased  to  tho 
extent  tint  now  there  is  a leak  in  the  east  abutment  approximately  two-thirds 
of  the  height  above  the  base. 

Our  records  indicate  that  a letter  was  sent  to  your  office  on  April  16,  19”3 
recommending  concrete  repair  work  on  the  downstream  slope.  Your  letter  of 
April  13,  1973  to  Hr.  Stanford  Zeccolo  Indicated  tliat  a contract  would  be  let 
to  repair  the  damaged  concrete  areas.  These  areas  have  not  been  repaired  but 
have  deteriorated  more. 

Because  of  the  large  reservoir  storage  (75,000  A.F.)  behind  the  dan,  we 
feel  it  is  imperative  that  the  concrete  maintenance  is  token  care  of  before 
any  serious  problems  develop.  After  your  regional  engineer  has  had  an  oppor- 
tunity to  inspect  tho  dam,  wo  would  like  to  know  of  your  intentions. 

Very  truly  yours. 


CK:bt 

cc:  Henry  B.  Zyviak 
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George  Koch,  Supervisor 
Dam  Safety  Program 
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Mr.  George  Koch 
October  26,  1976 
Page  2 


Materials  personnel  in  cooperation  with  Regional  Waterways  will  conduct 
an  evaluation  of  the  dam.  This  evaluation  will  begin  by  trying  to  locate 
the  leaks  through  the  dam  and  the  first  step  will  be  the  opening  up  of 
some  of  the  drains  on  the  downstream  face  which  are  located  at  the 
vertical  construction  joints.  Plugged  drains  may  be  a key  factor.  If 
the  evaluation  of  the  vertical  drains  does  not  provide  an  answer  as  to 
where  the  leak(s)  is  located,  then  exploration  holes  will  be  made 
through  the  shotcrete  layer  at  selected  areas.  With  favorable  weather 
conditions,  it  is  anticipated  this  evaluation  will  be  completed  this  fall. 

Upon  completion  of  this  evaluation,  the  proper  course  of  action  for 
Waterways  to  follow  will  be  decided  upon. 


Waterways  will  keep  you  advised  on  the  evaluation  and  whatever  course 
of  action  may  develop  from  it. 


Bureau  of  Water  Regulation 


April  16,  1973 


Mr.  Joseph  R.  Stollato,  Director 
Waterways  Maintenance  Subdivision 
D.  0.  T.  Administration  & Eng.  Bldg. 

State  Campus 
Albany,  New  York 

Dear  Ur.  Steilato: 

; D.O.T.Reg.  Dam  No.  935  (114-A) 

i Across  Mohawk  River  at  relta  Reservoir 

Town  of  Rome,  Oneida  Cou;ty 
i D.  0.  T.  Rag.  Data  Ho.  332  (115-X) 

Across  Mohawk  River 
Town  of  Rcr.ia  Oneida  Ccun'.y 

In  conformance  v;ith  this  Department's  Dan  Safety  Program,  an  inspection 
was  rade  of  the  above-referenced  dans  on  April  5,  1973. 

A review  of  cur  files  reveals  that  these  dans  are  owned  by  the  State  of 
. New  York.  I am  assuming  that  your  division  is  responsible  for  the 
maintenance  of  these  structures.  If  I an  in  error,  please  advise. 

The  Delta  dan  was  constructed  in  1912  and  consists  of  a concrete-stone 
structure  approximately  930  feet  long  and  100  feat  high  forming  an 
impoundment  approximaely  two  miles  across  at  its  greatest  width  and 
four  milts  long.  The  reservoir  was  created  u3  an  addition  to  the  State 
water  storage  system  for  supplying  the  barge  canal. 

Cur  findings  reveal  that  spalding  of  the  concrete  has  occurred  along  tha 
vail  face3. 

Dam  No.  932  (115-X)  was  constructed  prior  to  1917  and  consists  of  granite 
blocks  mortared  together.  The  structure  is  approximately  ICO  feet  long 
and  si::  feet  high.  The  dan  is  approximately  one-euartcr  of  a mile  upstream 
•t*  from  the  canal  and  is  the  second  dam  upstream  from  the  canal.  It  was  con- 
' structed  to  act  as  an  ice  breaker  to  protect  the  canal  system. 
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NEW  YORK  STATE 

DEPARTMENT  OF  TRANSPORTATION 

Raymond  T.  Schular,  Commissioner 


1220  Washington  Avenue,  State  Campus,  Albany,  New  York  12226 


April  18,  1973 


Mr.  Stanford  Zeccolo 
Sr.  Hydraulic  Engineer 
NYS  Dept,  of  Environmental 
Conservation 

Bureau  of  Water  Regulation 
5#  Wolf  Road 

Albany,  New  York  12201 
Dear  Mr.  Zeccolo: 

Re:  DOT  Reg.  Dam  No.  935  (114A) 
DOT  Reg.  Dam  No.  932  (115K) 

We  have  forwarded  your  letter  of  April  16,  1973  concerning  the  above 
referenced  dams  to  our  Region  2 Office  in  Utica.  The  dams  are  under 
our  maintenance. 

The  spalling  on  the  concrete  wall  faces  of  Delta  Dam  is  a condition 
we  were  aware  of  and  monitor  closely.  We  plan  eventually  to  let  a 
contract  for  the  refacing  of  these  areas. 

The  tree  growth  occurring  at  the  Upper  Retention  Dam  at  Rome  will  be 
eliminated  by  our  Section  4 Maintenance  Forces. 

Thank  you  for  bringing  these  findings  to  our  attention.  All  of  our 
dams  are  scheduled  for  inspection  this  August  under  our  Structure 
Inspection  Procedures. 

Sincerely  yours, 

JOSEPH  R.  STELLATO 

Director  of  Waterways  Maintenance 

JRS: JD:dl 


Ou?  findings  concerning  this  dan  reveal  that  trees  are  growing  in  the 
£T'— ite  Joints  along  the  rbutnients.  This  growth  could  cause  serious  d3aiago 
to  - —3  structure. 

He  suggest  that  ycur  office  investigate  the  above  situations.  Maintenance 
at  tlais  time  could  save  core  expensive  repairs  in  the  future. 

Very  truly  yours. 


Stanford  Zeccolo 
Sr.  hydraulic  Engineer 

SZ/sd 

cc:  L.  Blake 
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GENERAL  CONDITION  OF  NON- OVERFLOW  SECTION 


I.  i GENERAL  CO 

L/l 

LI  Settlement 
£"|  Joints 

I j Underminin 


Undermining 


Downstream 

Slope 


|~-^J  Cracks 

ESurfac 
' Concre 

□Settle 
Embank 

□Upstream 
Slope 


Surface  of 
Concrete 

Settlement  of 
Embankment 


|/ | Deflections 
|~j~|  Leakage 

^ 1 1 Crest  o 

□Toe  of 
Slope 


Crest  of  Dam 


Toe  of 
Slope 


< | GENERAL  CONDITION  OF  SPILLWAY  AND  OUTLET  WORKS 


| jJ~J  GENERA 

nAuxili 
Spillw 

I | Joints 

| 1 Meehan 

IJ  Equipin 


iliary 

llway 


Mechanical 

Equipment 


Service  or 
Concrete  Spillway 

Surface  of 
Concrete 

Plunge 

Pool 


.0 


Stilling 

Basin 

Spillway 

Toe 

Drain 


|2  Maintenance 

ID  Evaluation 


Hazard  Class 
f \s^\  Inspector 


COMMENTS : 


CCA'''**- 


DAM  INSPECTION  REPORT 
(By  Visual  Inspection) 


Dam  Number 

River  Basin 

Town 

County 

Hazard  Class* 

Date 

& Inspector  ^ 

93  S’ 

/?n  lu-q 

^i\e)c4. 

<L 

g/</rc  /<■,?, 

Type  of  Construction 

□ Earth  w/concrete  spillway 

□ Earth  w/drop  inlet  pipe 

□ Earth  w/stone  or  riprap  spillway 

[^''''Concrete 

tone 

□ Timber 


p-p"  Water  Supply  C <<  ({ 

□ Power 

□ Recreation 

| Fish  and  Wildlife 

□ Farm  Pond 

n No  Apparent  Use-Abandoned 


Estimated  Impoundment  Size 

□ 1-5  acres 

□ x 5-10  acres 
O'"'/  Over  10  acres 


Estimated  Height  of  Dam  above  Streambed 
p~|  Under  10  feet 

p]  10-25  feet 

Pp—  Over  25  feet 


Condition  of  Spillway 

[Pp^Service  satisfactory  p^^uxiliary  satisfactory 

j^^In  need  of  repair  or  maintenance  need  of  repair  or  m 

Explain:  4 Ca  t/1  rs.*'/',  z ^sBfz 


ir  or  maintenance 


Condition  of  Non-Overflow  Section 

□ Satisfactory 

EK*"  need  of  repair  or  maintenance  Explain:  ^'c>ACr~e^-K  C 

//  4.  /T*  ro. ^ 


Condition  of  Mechanical  Equipment 


Q-^Sa  tisfactory  , 

□ In  need  of  repair  or  maintenance  Explain: 


Evaluation  (From  Visual  Inspection) 


13-No  defects  observed  beyond  normal  maintenance 

• □ Repairs  required  beyond  normal  maintenance 
^Explain  Hazard  Class,  if  Necessary  


"■  no- 


CC'4  itt  ! • : «:  * !i  1 *X 


;?*,(.  ICK : /.  ...  *•.*.  crtl.2-o  :s  co..*.pie:s'.y  a;  po.:. : vu  *.\  &&'i\  la  ySHtf  district,' return  it  at.  once  to  the**  !i 

« r.  ..T  . ..  *r  .V 

wO:'  rvat.*>  C jJ,  . . * ’*  . *.'»/■  '«•**' 


v . v>statc  of  New  York 

Conservation  Commission 

Albany 
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DAM  REPORT 


h f/3 , 191 


OBSERVATION  COMMISSION’, 


Division  of  Inland  Waters. 


Gentlemen: 

I have  the  honor  to  make  the  following  report- in  relation  to  the  structure  known 
as  the ;....  /SU — Dam.  , 


This  dam  is  situated  upon  the 

in  the  Town  of , . ( 

about.  from  the  ^wilrini  ■ r City  of (/ 

T..e  distance..  dUb~~tP~fA^  stream  from  the  dam,  to  the. 


tOivc  n..rn<?  of  «*iearr.) 


County, 


< L'p  or  d.nvr) 


(Givc/I.rnc  of  nearest  im ’/•  rtant  strean:  or  of  ft  !/futc) 


is  ibout* 

■ 

The  dam  is  now  owned  by /Y  t 

ai  l was  built  in  or  about  the  year  .jl.^  / 
di  ing  the  year 


iGivc  name  in  ful\) 


, awl  was  extensively  repaired  or  reconstructed 


v As  it  now  stands,  the  spillway  portion  of  this  dam  is  built  of  ...  

. ^ # t /p tatc  wither  of  masonry,  concrete  or  timber) 

ai  l the  other  portions  arc  built  of ~~ ; 

k . . « * iState  w’.uvher  of  masonry,  o.n.r/ic,  earth  or  llmhcr  %rith  or  without  rock  fill) 

* ^ •'  '■  . 

As  nearly  as  I can  learn,  the  character  &f  thc'foundation  bed  under  the  spillway  portion 

of  the  dam  is  'y^gycJk^. and  under  the  remaining  portions  such 

fc  ndation  bed  is 
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DAM  INSPECTION  REPORT 
(By  Visual  Inspection) 


□ Earth  w/concrete  spillway 

□ Earth  w/drop  inlet  pipe 

i I Earth  w/stone  or  riprap  spillway 

nV^Concrete 

[Z^^tone 

□ Timber 

Estimated  Impoundment  Size 

□ 1-5  acres 

| | 5-10  acres 

Over  10  acres 


Water  Supply  C <7  /l 

□ Power 

□ Recreation 

□ Fish  and  Wildlife 

□ Farm  Pond 

□ No  Apparent  Use-Abandoned 

Estimated  Height  of  Dam  above  Streambed 

□ Under  10  feet 

□ 10-25  feet 


0^  Over  25  feet  J*rx 


Condition  of  Spillway 

GK^rvice  satisfactory  g^uxiliary  satisfactory 

need  of  repair  or  maintenance  ^ 0^In  need  of  repair  or  maintenance 

Explain:  4-  C'it  pfi 


Condition  of  Non-Overflow  Section 

□ Satisfactory 

QJ/fn  need  of  repair  or  maintenance  Explain:  Cqa  q (Y#- * , ^cy < 

r5 '/*■  •*  o ' ' 


ry  Condition  of  Mechanical  Equipment 
q^s  atisfactory  \ 

i' j In  need  of  repair  or  maintenance  Explain: 


Evaluation  (From  Visual  Inspection) 

| ^’o  defects  obsetved  beyond  normal  maintenance 
I I Repairs  required  beyond  normal  maintenance 


♦Explain  Hazard  Class,  if  Necessary 


^ i i 


n the  space  below,  make  one  sketch  showing  the  form  and  dimension  ; of  a cT  I v::  •> '-  utio..  ,.i  ..i  ..pdlv.ay 
,m,  and  a second  sketch  showing  the  same  information  for  a erj.-:  secho^V.  ■>  the  liner  portion  of 
:ularly  the  greatest  height  of  the  dam  above  the  stream  bed,  its  tiiick^rss  ni^b  op,  a:id  (hickness  at  me 
.u  can  learn.)  / . . I 


or  watte- 
tlie  dam. 
bottom, 


-weir  of  this 
Show  par- 
as nearly  as 


W— 

■IdlQjJL 

SoV 


cr/ 


P5"- 


In  the  space  below,  make  a third  sketch  showing  the  general  plan  cf  the  dam,  and  its  approximate  position  in  relation  ^buildings  or 
iher  conspicuous  objects  in  the  vicinity.*  i /)  _ r 
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Th'OS.  H.  WlGGiN 

CONSULTING  ENGINEER 
SO  CHURCH  STREET 
HUDSON  TERMINAL  BUILDING 


ROOM  367 


TEL.  CORT. 


NEW  YORK 


RF*',»7«i  OCC.ICNS. 

/iSiON.  VAbUATiGN 
#.*•!»  \ . * a_  y 
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•» 

rLO'.’*  '.OMTAGC 
fciinrywcto  coNcmrc 
INSPECTION  OF 

SPECIAL  MATERIAL 

INVESTIGATION  OF 
VPKC1AL  PHOCIIU1 


NEW  YORK  Juno  7th,  192d» 


i-cssrs  ...  — . 


J.  D.  Black, 


Committee  cf  the  Chamber  of  Coanorca. 
memo,  llov:  York, 

Gentlemen 

in  cooordaaao  with  a lottor  dated  Barch  Gth  and 
telegram  dated  Bareli  Idth,  1924  from  Hr*  Brascr  of  your 
Committee,  I havo  nado  an  investigation  of  tho  Dolta  Dun, 
located  cu  tho  r.ohawk  Ilivor  about  5 milo3  north  of  Home  and 
forming  a part  of  tho  otsto  Burgo  Canal  f coder  ay  at  era  and 
bog  to  report  as  follows; 

*ho  Belts  Ban  is  a oyolopcan  casonry  atructuro 
about  90’  high  in  tho  dcopor  portions  and  about  1000  foot 
long*  at  tho  center  is  a spillway  socticn  200  foot  long. 
Che  dan  impounds  approximately  20  billion  Gallons  of  water, 
which  is  used  to  feed  tho  summit  level  of  tho  Bargo  Canal, 
fho  investigation  was  undertaken  under  tho  auspices  of  tho 
Chamber  of  Connorco,  ov;ing  to  apprehonaion  for  tho  safety 
of  tho  asm  felt  by  citisons  of  Homo  beaauso  tho  surfaoo  of 
tho  dan  both  upstream  and  downatroan,  but  more  particularly 
downstream,  is  disintegrated  over  considerable  areas,  "ho 
disintegrated  ooiaeroto  can  bo  removed  by  pick  or  bar  to  a 
depth  of  6"  in  places,  fho  disintegration  is  apparently 
duo  in  pi rt  to  scepago  of  water  through  tho  dun  (on  tho 


.Delta 


coping  which  el  jo  shov.’3  disintegration,  aoi3turo  cones  from 
rein  or  snow)  end  tho  froozing  of  tho  saturated  conorot o In  cold 
weather.  even  with  seepage  suoh  aotion  v.ould  not  Generally  bo 
nearly  so-murkad  and  tho  3eoondary  oauso  is  probubly  uockneo3  and 
oneossive  porosity  of  the  surface  concrote.  Hany  conoroto  struc- 
tures, including  a lumber  of  woll-knovan  dams  show  similar,  though 
Generally  loss  oarkod  deterioration.  The  attention  of  many  promi- 
nent investigators  is  now  focussed  on  Portland  oeaeut  and  it3 
pcrnnnpnoo  is  boing  questioned  ovon  whoro  under  oovor  of  earth  or 
water,  however,  important  disintegration  is  seldom  found  whoro 
there  is  not  exposure  to  molsturo  and  frost. 

The  den  was  inspected  in  company  with  all  tho  members 
of  year  Committee  on  liar  oh  10th  last  and  again  on  Hay  9th.  A 
heavy  crowbar  vu3  used  at  many  points  on  tho  downstream  face  that 
could  be  reached  from  the  ground  and  at  soao  other  points  higher 
up  which  wore  reached  from  a short  ladder.  One  bud  spot  on  tho 
upstream  face  of  tho  easterly  bulkhead  portion  was  onsnined  from 
a hanging  laddor.  Tho  worst  spot3  woro  found  on  the  downstream 
face  on  the  bulkhead  3eotion  east  of  the  spillway,  home  of  these 
plaocs  were  6 feet  or  so  long  and  4 foot  or  so  in  masimun  height 
and  tho  disintegrated  material  was  caally  romovod  to  a depth  of 
about  d inches.  Tho  downstream  face  of  tho  bulkhead  portions  of 
tho  dam  to  a height  of  10  or  15  foot  abovo  tho  ground  was  rather 
generally  covered  with  a oholl  of  oaloareouo  matter  from  l/k"  to 
1"  in  thickness  which  oould  bo  sealed  off  in  large  shoots.  This 
material  was  evidently  dopositod  by  water  which  came  through  tho 
dam  and  represents  soluble  parts  of  tho  cement.  Tho  action  is 
akin  to  that  by  which  otulugnitu3  are  formed  in  limesteno  cavou. 


Cx  ~ U 


beneath  this  shell  the  concrete  was  generally  in  fair  condition* 
It  res  noted  on  the  Hey  9th  vi3it  that  flood  v/ators  v.hlch  spilled 
over  the  dan  between  the  larch  10th.  and  tho  later  visit  had  wash- 
ed away  all  tho  badly  disintegrated  concroto  froa  the  dov.nstrcaa 
fseo  of  tho  spillway,  leaving  uany  depressions. 

a one  of  the  soft  notorial  that  was  removed  by  tho  bar 
appeared  to  have  wore  than  tho  norzsal  quantity  of  sand  but  no  at 
of  it  had  plenty  of  stone  and  the  stone  seeuod  to  bo  sufficiently 
solid,  from  this  inspection  It  was  couoludod  that  tho  concroto 
would  bo  ablo  surely  and  for  sono  years  to  oonc  to  carry  its  full 
crpootod  stress  out  to  within  6 or  G inehos  of  tho  surfaoo  and  in 
tho  oonputati ens  that  have  been  na&c,  it  wuo  assunod  that  tho  an- 
terior G"  did  not  bear  atroas  but  \7aa  effootive  ao  far  os  woight 
is  concerned. 

Tho  investigation  has  covered  tho  following  points: 

1.  Liu  tori  ale  and  v.'orhiaanship  in  tho  den  end  foundation 
conditions. 

h.  ..aoquscy  of  the  design. 

3.  DauioO  that  would  bo  occaoicnod  by  failure. 

4.  Ho  tho  d s of  repair. 

In  the  report  following  theso  topics  will  bo  taben  up 
in  order,  using  tho  sane  n unbers. 

IV  ■ • r rj  » tti-.  T • '■'Tr"T 

fho  surface  defeots  In  this  dan  are  evident  to  all  who 
have  onanined  it.  2y  the  use  of  tho  crowbar  as  previously  do- 
se rib  oil  , it  is  found  th.t  tho  concroto  is  solid  oucopt  for  u 
thichnosa  of  6"  at  who  haninun  and  generally  it  is  solid  nosrly 

• 2ho  solidity  of  tho  interior  is  indicated  in  the 


to  the  surface 


f tho  interior  is  inlicatod  in  the 
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Jolt  a Je':i 
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gate  well  which  a an  bo  onauinod  '07  removing  iron  covers  west  of 
tl:c  spillway.  It  is  also  noticcablo  that  oonoroto  in  the  upper 
part  of  the  dun  is  generally  sound  ere  opt  in  parts  of  tho  coping 
and  that  concrete  in  tho  ornamental  arc ho 3 forming  tho  ooraicc  is 
particularly  good,  possibly  owing  to  a creator  proportion  of  cement 
in  tho  concrete,  2ho  cornioo  is  also  too  high  up  to  bo  affootoa  by 
leakage  through  the  dam  and  is  well  sheltered  bosidos. 

2ho  State  hngincer's  office  hua  kindly  furnished  no  with 


laboratory  reports  of  sand  and  ccncnt  quoted  below  and  several  en- 
gineer s who  v:cro  present  at  tines  during  tho  construction  of  tho 
dan  have  dosoribod  fron  memory  their  impressions . 


Cement  Ct  fund  feats 

- fron  hi 

e cords  of 

State  hnginec 

fens lie  1 

strength. 

Ratio 

Voids 

Loar> 

Cement:  Jrugon 

of  1 : 3 

briquot- 

to 

lortlond. 

tea. 

S t d* 

Lb  a.  per 

Sq.  In* 

Sand* 





£ 

7 days 

£8  days 

7 days  £8  dcra 

lo 

Jr each vi lie  bank  send 

165 

£53 

76  91 

37*0 

4.^ 

wO 

Jo  washed 

189 

273 

07  99 

- 

- 

r 

«-># 

standard  sand 

£16 

£77 

ICO  100 

d. 

Crushor  dust 

£09 

dad- 

147  132 

50.5 

_ 

09 

Jo  with  sand,  ratio  1:4 

185 

271 

95  84 

- 

6. 

standard  sand 

195 

322 

100  100 

7. 

v.-estcrnvillo  bank  sand 

234 

£45 

158  106 

31.0 

7.0 

8* 

Jo  washed 

193 

317 

113  95 

- 

- 

9. 

standard  sand 

170 

324 

100  100 

Coarno  aggregate:-  Crushed  limestone  fron  quarry  noar 

lioonovillo,  V. 


from  suoh  information  as  I have  gathered,  tho  yrenchvilla 
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cund  scans  to  havo  boon  used*  I Grained  tho  bank  with  you  on  v' 

hay  Sth  and  it  is  easy  to  understand  references  to  lunpa  of  cl  jay 
which  cot  into  tho  sand.  Tho  sand  itsolf  seems  to  ooour  in 
clean  bands  and  pockets  but  is  covered  and  more  or  loss  inter- 
buddod  with  clay.  It  is  stated  that  tho  sand  was  carofully  in- 
spected i'or  clay  but  was  not  always  satisfactory  and  that  after 
acne  time  washing  at  tho  pit  was  required*  One  statement  was  to 
tho  effect  that  a proportion  of  crusher  dust  was  sometimes  used 
but  no  convincing  ovidenco  of  this  iu  available  and  tho  contrac- 
tor cannot  recall  that  any  was  used. 

1 oonoludo  that  linos  1,  2 and  5 in  tho  above  table  of 
touts  represent  tho  cantorial  probably  used  at  various  tines.  !2v;o 
of  tho  7 day  touts  with  standard  sand  and  one  of  tho  28  day 
tost a ero  below  tho  present  roqulrononts  for  strength  of  oenont 
briquettes  (via  200  lbs.  at  7 days  ana.  200  lbs.  at  28  cays)  but 
Portland  cement  of  2 or  2 dccadoa  ago  was  ovon  less  strong  and 

p 

made  good  Masonry  fully  as  often  as  the  present  product. 

Cno  engineer  stated  that  tho  broken  linestona  used  in 
tho  concrete  was  not  so  good  as  that  used  for  tho  cyclopean  ^ 

bloc  Irs  but  had  thinner  beds  and  tended  to  nnko  no  re  dust,  i'ho 
pieces  of  stone  found  in  tho  rotten  concrete  seemed  hard  and 
strong. 

fhe  dura  was  divided  by  vortiocl  joints  at  right  angles 
to  tho  length  of  tho  den  into  sections  20*  long,  with  hoys  or 
dovetails  between,  fheso  sootions  woro  filled  alternately  with 


concrete  and  carried  up  about  20’  at  a.  tino,  Tho  photographs  to 
which  I have  had  accoss  through  tho  Dtato  Dugincor  and  through 
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engineers  connected  with  tho  work,  show  this  altcrneto  cojicreting 
of  sections  tnd  also  ohov/  that  tho  dan  v;s3  brought  to  appro;-;! - 
nstoly  ono  level  for  nearly  if  not  all  its  length  and  then  carried 
up  again,  saw  tooth  fashion,  for  another  lift  of  about  £0* . fhis 
method  of  construction  rirovidod  for  tho  nininun  shrinkage  cracks 
across  tho  dan.  keys  or  dovetails  at  those  vortical  Joints  tend 
to  prevent  loakago  and  to  nako  tho  dan  act  as  a unit,  force 
cyclopoan  stones  projecting  across  ovory  main  horizontal  joint 
furnish  not  only  shoaring  or  anti-oliding  strength,  but  sono  ten- 
sile strength  us  well* 

i'ron  an  onocllent  doscriptivc  article  on  tho  Dolts  Dan 


by  anile  Low,  one  of  the  resident  enginoors  on  tho  Bai-go  Canal, 
(kngineoring  & Contracting  Juno  19,  1912,  pp.  601-80)  tho  follow- 
ing points  bearing  on  construction  not hods  are  briefed 

(a)  ilasonry  consists  of  1:2£>:&  oonoroto,  rather  soft,  with 

of  largo  cyclopean  utonou  inbeudod*  i’hoso  luttor 
were  often  ovor  a cubic  yard  in  si  so.  2hoy  wero 
scrubbed  and  washed  thoroughly  before  being  placed. 

(b)  Cyclopean  stones  were  kept  back  12"  fron  faces  of  forms 

and  6"  apart  horizontally  fron  each  othor.  Layers  of 
stones  were  plaood  so  uo  to  break  joints  horizontally 
and  vertioully. 

(e)  -.t  horizontal  joint3  oyclopoan  3tones  woro  left  project- 
ing so  u3  to  fora  a bond. 

(d)  In  joining  new  work  to  old,  the  old  surfucos  v.oro  froed 

of  dirt  and  laitanoo  and  washed  with  thin  raortar. 

(e)  Concrete  wa3  ni::cd  in  batcho3  containing  2j  bbls.  of  oo- 

aent,  ioO.  about  ou  yds.  of  oonoroto.  1'ho  minor 
was  nado  by  i'hos.  Carlin*s  don'o  Co.  and  waa  a 5 ft. 
cubo  rotated  on  a diagonal  aris.  2ho  average  daily 
output  of  oonoroto  was  about  170  ou.  yds, 

(f)  Both  concroto  and  cyclopoan  stonc3  wero  placed  by  a 

double  lino  of  derricks,  2ho  stones  woro  raised  and 
lowered  to  "work  up  a bed  in  tho  frooh  oonoroto". 

(g)  During  cold  v/cathor,  hcatod  atono3  woro  used, 

otoon  under  oenvaa  to  provent  freezing" • 


"with 


A 
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(hj  -lie  ...ir.iuro  v;i.a  uado  "ratlior  wot  so  that  little  tamping 
vv : » vcijulred,  but  ahovol3  woro  used  to  work  tho  con- 
crete down  in  narrow  Corns  or  botween  ctonou.  'Jho 
cowroor  : ffrogato  wuo  kept  away  fro  a tho  Cornu  by 
Cornu*  Cu  reel:  foundation  tho  surfuco  was  oloared  of 
ell  loouo  pieces,  washed  and  wot  couont  or  mortar 
scrubbed  over  it  with  brooas". 


In  discussion  with  onginoors  who  woro  prosont  during  tho 
building  of  tho  dsat  uovoral  diffioultios  in  aonotruotion  havo 
boon  or such t out.  It  v;aa  nontioned  that  tho  slopo  of  tho  Cora  Cor 
the  too  of  tho  dan  in  oonncotioa  with  tho  ttttonpt  to  get  ua  aany 
largo  atones  out  under  thia  forn  as  possible,  ouuuod  tho  o excreta 
botwocn  tho  Cora  and  tho  largo  atones  to  bo  loss  acocssiblo  and 
noro  likely  to  contain  an  excess  of  mortar  rued  loitanco.  fho 
difficulty  of  hooping  a soft  bod  under  tho  lnrjo  atones  was  also 
mentioned  and  uoopago  through  tho  dan  under  tlio3o  stones  thought 
to  bo  a possible  result*  On  tho  othor  hand  another  observer  nen- 
tionod  tho  ocnoroto  as  coins  wot  and  tho  stones  as  boing  loworcd 
into  a sloppy  catrin*  A noro  permanent  resident  at  the  dan  op oho 
of  building  up  the  stones  locally  because  it  was  diffioult  to  keep 
noist  concrete  undor  thou  if  tho  concrete  was  spread  out  over  tho 
whole  ZO  foot  section.  fhi3  aeons  like  a noro  probable  condition 
than  that  of  extreno  sloppinoss  at  tho  point  of  placing  large 
stoncj  and  corresponds  with  tho  writ or *s  observation  on  the  largo 
dans  of  tho  flat  skill  water  ayston  of  hew  York  City*  flurfacos 
which  arc  loft  for  a little  while  beoono  partly  set  and  it  is 
impracticable  to  onbod  stones  unless  fresh  conoroto  Is  placed  to 
sufficient  dcjjth  to  bury  the  unevennessos  in  tho  bottom  of  the 
stone*  ibis  difficulty  is  inherent  in  cyclupoan  masonry  but  ha3 
been  ovorcono  in  many  dans  to  tho  extent  ncoossary  to  avoid  Icsk- 


— 
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bi  o and  the  probability  of  leakage  should  bo  loss  than  in  tho  cuuo 
of  a ruLoia  uasonry  dura  whore  uortar  has  to  bo  pluoci  in  every 
joint  under  and  botuoon  stones. 

Cn  the  whole  it  is  difficult  to  account  for  the  rather 
excessive  seepage  through  the  dan  by  any  evidence  that  has  been 
produced,  d'ho  difi'icultj  of  avoiding  excess  of  cortar  and  laitaneo 
in  tho  concrete  between  the  large  at  cue  a and  the  eloping  ferns  is  a 
real  eno  and  was  not  encountered  in  cost  othor  cyclopcan  dans  be- 
cause these  in  general  had  either  atone  or  concroto  blocks  for 
their  oxpo-od  faces  and  these  blocks  wore  laid  ahoad  oi’  the  ccncroti 
and  to  oh  the  place  of  wooden  forms.  It  is  possiblo  that  the  quality 
of  concrete  in  the  aownutrcaa  faco  stay  have  been  affected  by  this 
causa,  accentuated  by  the  use  of  too  much  water,  which  ia  now  known 
to  weaken  concrete. 


iy  investigation  of  causes  of  v.’eaknoss  in  tho  concroto  ba- 
be on  necessarily  superficial,  however,  the  evidence  in  hand  and 
personal  acquaintance  with  tho  high  character  of  tho  engine or a con- 
nected with  tho  design  and  supervision  of  the  dan  and  with  tho  good 
reputation  of  the  contractor  leave  no  room  for  a shadow  of  doubt  in 
ay  mind  that  the  work  was  dona  with  unusual  care  and  faithfulness 


and  that  the  defects  wore  duo  to  unknown  oauses  such  S3  aro  all  too 
oonuon  in  conont  work,  xhousands  of  dollars  havo  been  spent  on 
studies  of  defects  in  concrete,  frequently  without  disclosing  con- 
vincing reasons.  Investigations  of  the  nature  of  Portland  cement 
aro  being  conducted  by  national  and  municipal  agencies  as  well  as 
by  nanuf-ctarcrs*  associations,  foundations  and  technical  societies. 
Lore  are  planned  and  the  Delta  Dan  nay  well  bo  included  in  examples 
to  bo  studied. 


.-o 


t fori::  u to  bo  k.-.ao  In  Par., 

oinoG  it  is  evident  that  a new  face  must  he  placed  cn 
the  Gun,  it  is  perhaps  not  so  necessary  to  kno v;  absolutely  what 
is  tho  causG  of  the  present  weakness  but  it  i3  necessary  to  bo 
assured  that  tho  weakness  does  not  eniot  oneept  near  tho  outer 
surface  and  will  net  progress  inward  beneath  tho  new  faces.  I 
have  had  several  oonf Grouses  with  Col.  Zh-oderick  3.  Greene,  3upt. 
of  Public  ..orks,  Hr.  ?.oy  1C.  Puller,  Commissioner  of  Canals  cud  hr. 
li wight  B.  In  Du,  Stake  Bngineor  and  Surveyor , with  respect  to  these 
raid  other  problens  and  it  has  boon  agreed  that  3 corG  borings  will 
be  put  down  from  top  to  bottom  of  tho  dan  and  at  least  5 3su?los 
cut  from  tho  face  of  the  dan  in  order  to  seo  tho  quality  of  the 
interior  masonry  and  obtain  sous  tests  thoreon.  Hy  present  opinion 
is  predicated  on  the  assumption  that  thGSo  tests  will  show  tho  in- 
terior concrete  to  bo  sufficiently  sound  for  its  purpose  but  until 
these  t cs ts  have  been  completed,  the  conclusions  reached  in  this 
report  must  be  taken  subject  to  that  condition  being  found  in  tho 

tcS  o3. 

foundations  of  Pr.rn. 

She  foundations  for  this  den  consist  of  Icvel-bcdded 
Hudson  Hirer  shale  end  eye  witne3sea  stato  that  it  disintegrates 
rapidly  when  uncovered.  2he  stone  V7hich  is  now  uncovered  adjacent 
to  tho  dan  is  very  flckcy  and  obviously  unsuitable  for  a foundation, 
but  I have  no  doubt  that  tho  rock  under  tho  Gem  i3  sufficiently 
solid  for  tho  ccdcrato  pressures  required  in  this  comparatively  low 
den.  fho  borings  previously  mentioned  will  on tend  through  the  den 
into  tho  rock  end  will  verify  tho  quality  of  tho  rock  as  woll  as 
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that  of  til  a masonry. 

.assuming  that  the  borings  will  show  that  the  rook  undor 
tho  dan  hi. a remained  sound,  tho  most  important  question  regarding 
foundation  is  whothor  tho  da a is  adequately  keyed  into  tho  rock  so 
us  to  avoid  danger  of  sliding  which  has  figured  in  coot  of  the 
United  number  of  failures  of  gravity  dams  that  have  occurred. 

1 havo  examined  all  tho  official  and  also  such  private 
photographs  as  were  available  and  have  also  examined  tho  official 
cross  sections  of  excavation,  'iheso  show  that  tho  dun  is  well 
heyed  into  tho  rock  foundation  in  tho  whole  of  the  bulkhead  sec- 
tions and  in  ell  but  about  150  foot  of  tho  spillway  soot ion,  via. 
at  tho  westerly  end  thereof.  In  this  stretch  of  150  feet  there  is 
practically  only  tho  roughness  of  tho  nearly  lovel  shale  founda- 
tion and  the  cut  off  wall  at  tho  roar  of  tho  dam  to  prevent  slid- 
ing, Cho  apron  which  is  4 feet  thick  iiear3  against  only  a shallow 
shoulder  at  tho  front,  She  mathematical  significance  of  this  de- 
fect is  explained  further  along  under  Adequacy  of  design.  «t  this 
place  it  will  only  bo  stated  that  tho  friction  of  masonry  against 
even  the  comparatively  flat  foundation  furnishes  sufficient  resis- 
tance unless  v/utor  pressure  gots  under  tho  dam  or  penetrates  tho 
horizontal  seams  in  the  rook  imaedistoly  below  tho  dam,  .uisistanoo 
from  adjacent  sections  that  aro  more  completely  bonded  adds  to 
security  but  improvements  in  tho  front  footing  of  this  IcO  foot 
stretch  of  spillway  uro  dcsirablo,  'Iho  section  of  bulkhead  dam  at 
the  gato  house  is  particularly  well  footed  by  its  own  depth  into 
rock  ar.i  by  tho  walls  and  floor  of  tho  blow-off  pool. 


Tho  remaining  question  as  to  foundation  is  tho  porac- 
noreo  of  tho  rook  shoulder  in  front  of  tho  dan,  particularly  at 
tho  spillway#  Tho  apron  and  paving  below  seen  to  bo  still  intact , 
judging  fren  the  downstream  edge  which  is  tho  only  part  projecting 
clove  tho  permanent  water  cushion  pool,  but  no  flood  hu3  occurred 
which  has  oaused  a depth  of  nore  than  1*9"  of  water  over  tho  spill- 
way# cone  tine  will  cone  a flood  causing  a depth  of  6*  or  nore# 

Tho  condition  of  the  paving  and  of  the  rock  beneath  and  downstream 
therefrom  could  be  carefully  examined  when  the  repairs  are  r.ado# 

The  contract  for  repairs  should  be  so  drawn  as  to  permit  relaying 
part  or  all  of  tho  paving  end  using  oexnont  grout  in  tho  joints  if 
found  desirable# 

Grouting  foundation. 

This  lcvol  bedded  chela  foundation,  whilo  generally 
tight,  nay  oontaia  sono  horizontal  scans  between  layers#  Kefer- 
c-noo  is  made  in  hr.  Lowe’s  article  above  mentioned  to  a snail 
quantity  of  leakage  collected  into  drains  which  v/ore  to  bo  grout- 
ed# The  Olive  Bridge  Ban  of  the  Cat  skill  Y.'ater  Works  had  a some- 
what similar  foundation  end  it  was  found  comparatively  easy  to 
force  grout  or  liquid  mortar  down  through  a vertical  2"  hole  into 
the  rock  and  in  some  ecsos  up  into  other  drill  holes  as  much  as 
50*  distant#  I cannot  find  that  any  grouting  was  done  in  tho 
foundation  of  tho  Be It a Ban#  Tho  disadvantage  in  omitting  this 
grouting  would  be  that  of  possible  upward  pressure  exerted  under 
tho  dan  in  the  level  scams  in  the  rock#  2hi3  matter  will  bo  dis- 
cussed more  fully  under  adequacy  of  Besign#  Tho  best  construc- 
tion would  call  for  n thorough  grouting  end  then  a system  of  drain- 
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ago  beneath  tho  dan  fen  the  dewnstrean  2/3  or  so  of  It  3 width  to 
y to  remove  the  possibility  of  upward  pressure.  Seme thins  oar. 
still  bo  dene  to  repair  this  omission  if  tests  show  it  to  bo  im- 
portant and  methods  are  taken  up  later  on  in  tho  section  entitled 
Lietheds  of  repair. 

2o  A3Er:th-.0Y  C g 2f3IG:T 

Dorhaps  tho  boat  way  to  show  hov:  the  Dolta  Dan  compares 
in  design  with  other  dans  is  by  drawing  several  representative 
dans  to  the  sane  socle  and  tracing  then  one  over  another  on  tho 
sane  shoot,  This  has  been  dono  in  Sheets  hi  and  £2  attached. 

-heet  ;.i  shows  several  typical  "bulkhead"  dans,  that  is,  dcc.3 
which  are  not  used  as  overflows  or  spillways.  Those  aro  all 
"gravity"  dans,  that  i3  dans  which  owe  their  stability  to  weight 
alone  without  any  assistance  from  aroh  ccotion  secured  by  building 
the  dan  on  a horizontal  curva  or  arch.  It  will  bo  noticed  that  two> 

, of  tho  bulkhead  dans,  namely  -pH  and  „3,  arc  naterially  lighter  than 
the  Delta  Dan  and  p2  which  is  tho  so-called  Hew  Croton  dan  of  tk  0 
a.  Y.  City  fater  Supply,  while  much  heavier  at  tho  top,  has  a 
lighter  section  lower  down*  Che  Croton  dan  is  a very  high  dan  and 
becomes  much  heavier  at  lower  depths.  Cho  Sodom  dam,  p5  wa3  built 
before  stresses  in  dans  were  understood  as  they  are  £o\7*  It  is  in 
a rather  narrow  valley  on.  very  firm  gneiss  and  V7hilc  quito  thin 
has  novor  shevn  the  least  sign  of  distress.  Cho  Austin , Da.  dan, 
j3,  fiJLled  by  sliding  on  its  foundation.  Dan  y3,  tho  Olivo  Bridge 
dan  of  the  Catshill  System  ana  Dam  £-i,  tho  Croton  Halls  dam  of 
tho  Hew  York  City  Croton  system  aro  very  much  hcavior  than  the  Dolta 
Dan,  particularly  at  tho  tops,  which  are  designed  for  roadways 
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cf  liberal  width  and  to  withstand  heavy  ico  prossuro.  Dam  „ 7 
\ hioh  la  ci'  :i  design  ccnr.cnly  used  by  a very  l^rjo  publics  ecrgorc.- 
tion  la  ci  about  tho  a a no  weight  as  the  Delta  Da.  In  general,  it 
.y  bo  aald  that  tho  Delta  Dan  hao  about  tho  a a no  section  ,vs  would 
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similar  comparison  has  informed  no  that  he  also  was  unablo  to  find 
a lir;l.tor  section,  although  thoro  are  doubtless  lighter  once  among 
the  many  hundred  a of  unrecorded  damn.  The  spillway  a cation  of 
Delta  dan,  however,  in  of  about  tho  sane  weight  us  tho  bulhhoad 
section  ana  would  havo  about  tho  same  computed  atability  in  spite 
of  tho  fact  that  it  ia  customary  to  naira  spillway  sections  heavier 
than  bulhhood  sections*  Or.o  of  tho  api llv.ay  dsns  shown  on  lid, 
nunoly  fo,  at  Austin,  i'onua,  failed  by  eliding  due  to  tho  solu- 
bility of  its  foundation  vrhioh  was  linsstoiio. 


0 or  .put  a tic7is  as  to  A t ability  of  Delta  Par.u 


I havo  nr. do  oor.ro  computations  as  to  atability  of  and 
trossi.s  iii  tho  Do  It  a dan  end  the  so  aro  shown  or.  C hoots  ii6,  l-A  and 
- Mr. jo  nuking  thoso  computations  I havo  had  access  to  oonpwta- 
••  -a  by  tho  fargo  Canal  engineers  end  find  n close  <.grocncnt. 

1.  cot  lie  shows  the  strosaos  in  tho  bulkhead  section  of 
n ca  two  assumptions,  namely  (a)  that  tho  water  presouro 
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■Saco  not  have  C.C3033  ben oath  the  dam  cad  (b)  that  tho  water  pre- 
aura  dees  !i  jve  access  beneath  tho  den  and  acts  on  2 /3  of  tho  area 


with  an  off  cat  dinini  shins  from  full  hood  at  tho  upstream  edge  cr 


heel  of  tho  dan  to  tell  water  hoad  at  tho  downstream  edge  or  too 


of  the  den.  It  will  bo  seen  from  this  diagram  that  tho  so-called 


lino  of  resistance  comes  within  tho  middle  third  assuming  no  \mtor 


pressure  beneath  the  dan  end  it  cocos  a short  distance  outside  of 


tho  middle  third  if  water  pressure  i3  assumed  to  penetrate  beneath 


tho  dsn*  who  vertical  3troasc3  in  either  oaao  are  not  particularly 


high,  namely  about  sin  tons  por  square  foot  compression  at  tho  too 


and  lc3s  than  1 ton  tension  at  tho  hoel  assuming  water  prossuro  be- 


neath tho  den 4 


Diagrams  E4  end  R5  give  similar  computations  for  the 


spiliw;  7 section  but  in  tho  cuso  of  F.5  tho  investigation  has  been 


extended  to  covor  ico  pressure  and  shows  that  the  dam  would  bo  over- 


stressed if  an  Ice  pressure  of  40,000/  per  linoar  foot  could  be  on- 
orted.  fhis  question  of  ico  prossuro  i3  ono  that  ha3  novor  been 


satisfactorily  settled  by  engineers*  -adequate  provision  for  ice 


pressure  results  in  the  very  massive  design  shown  for  the  Ashohan 


Dam  on  Sheet  HI#  Shore  are  probably  100  times  as  many  dano  that  do 


r.ot  provide  for  ice  pressure  as  there  are  dams  which  do  provide  for 


ice  prossuro.  among  municipal  engineers  the  reason  for  providing 
for  ico  prossuro  is  generally  that  the  dan  impounds  a very  largo 


body  of  viator  above  a populus  district  and  that  this  outre,  insurance 


is  justified  to  provent  a shadow  of  doubt  C3  to  loss  of  life  and  of 


valuable  property.  Eho  Dolta  dam  impounds  a vory  largo  body  of 


-ha  effect  of  a breah  in  this  darn  on  tho  City  of  I'omo  is  tahe  1 
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up  hereinafter  uni  or  tho  heading  "Dun 4-30  that  would  be  occasioned 
by  Failure'.  In  this  place  X vill  licr/lt  nyuolf  to  tho  ate tenant 
that  heavy  ico  presatro  is  r.ot  likely  to  occur  at  the  Delta  Dun  cn 
account  of  t ho  ahi-.po  of  tho  re- servo ir  but  that  tho  policy  (v7hioh 
public  documents  show  was  in  tho  ainds  of  tho  designers ) of  drain- 
ing tho  reservoir  so  that  it  is  dO  or  50  foot  below  the  a rout  of 
tho  dan  through  tho  winter  is  certainly  a coitneadablo  one* 

i’or  the  ease  with  upward  water  pressure  oven  without  ioo 
pressure,  the  ratio  of  the  resultant  horizontal  to  vertical  force 
reechos  tho  high  value  of  about  .65  and  calls  for  very  good  slido- 
rosiotins  bonding  at  all  construction  joints  and  at  tho  foundation. 
Projecting  cycloposn  stones  seen  by  the  photographs  to  afford  o 
collont  bond  at  construction  joints.  Whore  the  foundation  is  ex- 
cavated below  the  surface  of  the  rook,  the  bonding  with  tho  founda- 
tion is  greatly  aided  by  a bearing  against  tho  front  of  the  eucava- 
tion.  rfho  extent  to  which  this  a id  is  neodod  in  the  case  with 
upward  water  pressure  cay  be  estimated  by  a 3 suiting  that  the  total 
sliding  forco  of  221,000  lbs.  per  linear  foot  of  dan  i3  resisted 
by  a combination  of  2 forces  described  below: 


(a)  3y  friot5.on  on  tho  foundation  ossuned  very 
conservatively  as  50  of  tho  not  downward 


weight  or  pros sure. 

50;j  of  £73,0 00 


137,000 


(b)  3y  boaring  of  rear  cut-off  wall  against  rock 
at  front  of  cut-off  trench.  If  it  were  as- 
sured that  water  pro3CU.ro  against  the  dan  for 
0 height  equal  to* width  of  out-off  tronch  were 
thus  resisted  tho  cia  would  bo  23,000 

103,000 
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£c)  hors : ln-1  or  of  sliding  force,  or  221,000  - lu3%QO0  = 
jj, j gj  lb-.  tt^y  be  assumed  to  be  resisted  by  boar— 
iaj  of  dau  c^ainst  front  of  excavation  or  c/jainst 
. inc^m-diu  to  shoulders  in  the  rook.  If  unit  coy- 
pression  of  concrete  against  rod:  is  taken  as  GOO 
lbs.  :jc?  "•  i>  In.  or  GQ,8jO  lb.  pur  sq.  foot,  then 
c total  depth  of  2.4  foot  of  shoulder  is  neodod 
for  o 0 , G Oo  Ion. 

It  has  been  previously  oaplulned  undor  section  entitled 
foundation  of  Dan  that  the  rod:  shoulders  uro  c.dc<;uuto  (feuorully 
at  least  tv.Ioe  the  2.4 ' depth  above  noted)  o no  opt  for  a stretch 
of  ItD  foot  in  tho  westerly  end  cf  spillway.  In  this  stretch,  if 
under  pleasure  should  exist  to  the  extent  computed  on  H3,  lid-  and 
ho,  an  increased  friction  factor  combined  with  aid  from  adjacent 
better  supported  sections  would  bo  called  into  action  and  would 
doubtless  prevail  though  a creator  margin  of  safety  should  bo  pro- 
vided in  so  important  -a  dun*. 

the  necessity  of  preserving  the  rock  downstream  which 
prevents  the  dan  fro u sliding  has  been  explained  in  the  section 
entitled  foundations  of  Dura. 

It  nsy  to  concluded  that  in  design  the  Delta  dan  follows 
usual  commercial  practice  in  its  partial  provision  against  uplift 
pressure  and  its  absence  of  provision  against  ieo  pressure.  It 
is  less  conservative  than  nout  of  the  modem  lurjo  municipal  and 
national  dans,  fho  westerly  150  feet  of  spillway  is  still  less 
conservative • fhc  deterioration  has  not  yet  oatorially  affected 
tho  stability  cf  the  asm  but  would  become  a factor  if  not  checked. 
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probable  darryo  that  would  result  from  a failure  of  the  felt  a duu. 
iho  don  is  constructed  in  sections  30*  long,  fho  leant  failure  of 
import  unco  that  could  bo  conceived  a a happening  would  be  for  three 
Cj5  sections  to  nove  by  partial  tipping  followed  by  sliding  in  the 
manner  that  occurred  in  the  case  of  tho  .rue tin  c an  on  the  Colorado 
Davor  in  f or.oa  end  that  other  dun  at  auatin,  Pennsylvania.  Cud;  an 
event  would  occur,  if  at  all.  in  a tiro  of  saaninma  flood,  'there 
arc  approximately  IS?  square  Kilos  of  water  shed  upstream  from  the 
Delta  den  and  a rainfall  of  10  inches  in  50  hours  such  es  occurred 
in  hew  Jersey  end  Southern  Hew  York  in  1903  eight  easily  cause  a 
depth  of  7*  or  more  over  tho  spillway  in  spite  of  tho  groat  holding 
bach  power  of  tho  Delta  rcsorvoir.  At  shi3  tine  tho  reservoir 
which  has  a full  level  capacity  of  about  £, 750 .000,000  ou.  ft.  or 
£0.6  billion  gallons  would  bo  holding  a considerably  larger  quan- 
tity of  water,  naiaoly  about  5.600,000.000  cu.  ft.  or  £7  billion 


gallons, 


.L- 


A rough  computation  node  by  tubing  cross  sections  from 
U*  5.  Geological  Sheet  of  the  stroan  bolow  tho  dan,  indicates  that 
wator  would  escape  through  a 90*  opening  in  tho  den  at  the  rate  of 
about  100,000  cu.  ft.  por  second.  A wall  of  wator  cbout  10*  high 
would  advance  toward  ho no  probably  at  tho  rate  of  about  10  miles 
an  hour  and  after  tho  channel  wore  entirely  filled  would  continue 
to  flow  f or/aovoral  houra  with  a vclcoity  of  6 or  8 nilos  an  hour 
and  with  a depth  of  10  to  15*  in  tho  river  north  of  Kona.  Cko 
bridge  opening  under  Dominick  Street  has  only  about  1,000  oq,  ft. 
of  opening  aa  compared  with  about  15,000  oq.  ft.  whioh  would  bo 
required  to  carry  180,000  cu.  ft.  per  second  at  tho  velocity  which 
it  would  bo  likely  to  attain.  She  water  would  therefore  bach  up 





fho  water  would  therefore  bach  up 
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north  oi!  f cninick  Street  until  it  overflowed  that  street  fox*  a 
leu  ■ tlx  of  half  a ixilo  or  so  and  u d u gt li  of  d or  G foot®  lisa  o eve.  vliy 
in  not  uvailsblo  to  dotomino  tho  ozn o t course  of  the  water  but  tho 
lower  parts  of  tho  main  city,  tho  new  developments  to  tlio  foot  end 
the  factories  couth  of  font  Domini ok  street  would  cuff  or  greatly 
fro:.;  water  csosping  V, cot  over  tho  divide  toward  Good  Grech  and  feuth 
;nd  feat  toward  tho  Canal,  Iho  canal  section  la  not  largo  enough  to 
contain  an  oh  a flood  and  would  bo  submerged  but  tho  iiohawk  valley 
would  carry  the  flood  off  to  tho  oast  without  once salve  depth,  __ — — 
fhcro  would  probably  be  serious  loss  of  lifo,  greater  or  loaa  de- 
pending on  the  tine  of  day  ox*  of  night  at  which  tho  break  occurred,  . 

■;/l  V 

Che  lesson  that  I would  draw  from  this  study  is  that  tho 
Delta  dan,  impounding  cs  it  docs  a very  largo  quantity  of  water,  and 
located  so  that  a failuro  would  have  such  uoriouo  consequences, 
should  bo  repaired  thoroughly  so  as  to  nuke  its  factor  of  safety  a 
little  better  than  it  was  when  originally  constructed,  In  the 
winter  tine,  cs  has  already  boon  explained,  tho  practice  of  drawing 
devil  tho  reservoir  somewhat , which  haa  the  effect  of  preventing  any  ^ 
conaiderable  ico  pressure,  should  be  continued  as  an  invariable 
policy  or  else  roliablo  moans  adopted  to  keep  the  ico  cut  away  , 


frora  tho  dam. 
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fho  r op  airs  to  tho  Delta  dui^ihould  bo  of  such  a nutui*o 
jig  to  accomplish  tho  following  purposes:- 

(u)  five  cutting  off  of  tiny  seepage  between  tho  layers  of 
lcvei-bedutd  shale  unuox*  tho  dam, 

(b)  *fho  drainage  of  tho  rock,  foundation  under  the  down- 
stream portion  of  tho  dam  so  as  to  eliminate  upward 
water  pressure  so  far  as  px’acticablo. 


{jj  Increase  in  tna  provisions  for  resisting  sliding  of 
'oh?  westerly  150  foot  of  spillway  aaoiio n. 

(d)  dir  rngthcninp,  to  the  extent  found  desirable  after 
uuvatering  and  inspecting,  on  the  apron  protecting 
the  rod:  In  front  of  tho  spillway. 

(c)  ihc  cutting  off  of  seepage  through  tho  dan  in  the 

parts  visible  above  ground  in  order  both  to  olioinato 
tho  saturation  of  tho  surface  concroto  v;hich  ha.e 
enured  disintegration  by  free ring  one.  to  reduce  any 
’ipvvv.ra.  pressure  that  my  exist  within  the  joints, 
tho  stoppage  of  thin  seeping  is  particularly  uoooasury 
in  connection  with  placing  repair  masonry  mentioned 
below* 

if)  1’ho  re-novel  of  unsound  masonry  iron  tho  onto  cod  luces 
of  tho  den.  It  is  assumed  tin  it  very  little  unsound 
masonry  crista  below  tho  around  lino  and  colon  tho  low 
water  level  in  the  roar  of  the  dan. 

(g)  The  placing  on  upstream  r.nd  downstream  faces  of  tho  dam 
of  a sufficiently  substantial  layer  of  now  masonry  woii 
bond with  tho  old  no  scary  to  avoid  future  disintepra- 
ticn  and  to  increase  somewhat  tho  weight  ana  factor  of 
safety  of  the  structure. 

tone-  further  explanations  of  tho  methods  suggested  for 
accomplishing  tho  purposes  above  enumerated  ere  given,  below  under 
the  same  lot tore. 

(a)  Cutting  Off  Seepage  TTnbor  -bam. 

ds  provioucly  explained  in  tho  report,  grouting  is  gene 
ly  gone  in  the  foundation  of  r.  dam  to  cut  off  the  seepage  under  tho 
dam  raid  also  to  reduce  tho  possible  upward  pressure  tending  to  de- 
crease the  stability  of  tho  dam  in  tho  wey  described  under  Design. 
Core  borings  can  be  made  from  tho  top  of  the  dam  through  which 
grouting  of  the  foundation  can  bo  done,  fho  3 tost  holes  will  in- 
dicate whether  grouting  of  the  foundation  is  desirable,  though  if 
those  3 result  in  a negative  conclusion  a few  more  holes  should  bo 
tried  us  a verification  when  tho  contract  repair  v;orh  is  started. 

It  is  possible  that  these  same  holes  may  also  be  used  for  grouting 
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3 ointu  in  tho  dan  above  tho  foundation  though  creutinu  iron  the 
id. oo  may  bo  0.0 ro  effective.  a special  puchor  such  aa  has  been 
used  in  other  eases  can  bo  employed  in  those  borinya  in  order  to 
Unit  the  yroutiny  below  any  deni  rod  point*  A hole  every  10  foot 
ulony  tho  dan  ouyht  to  bo  sufficient. 

( b ) ira Inin  • hoeh  i'c initiation. 

i’o  still  further  reduco  possibility  of  upward  prouaurc 
holca  i ,j.y  bo  drilled  into  tho  foundation  at  a distance  of  about 
1/Z  tho  width  of  the  duiii  iron  tho  upstream  ed^o*  fhoao  holca 
could  bo  put  in  on  u elope  iron  tho  downstream  face  of  tho  dan  and 
would  Unit  tho  upward  pressure  to  tho  height  ut  which,  tho  hole 
was  started  in  th.la  dov.no  tr  can  face*  holca  for  relieving  pres  sure 
in  roe':  have  been  uood  succ  css  fully  it  tho  Cat  chi  11  water  v.orha  in 
accord ucoe  with  the  writer’s  design. 

(c)  Increase  in  Slide -lies!  at  ins  Provisions  for  tho  V.'oaterly  150 
fet  (nv.eron*)  of  fpillwry. 

-t 1 - — ■ ...... 

Study  will  be  needed  to  determine  tho  best  method,  tho 
easiest  way  will  bo  to  emu  veto  a trench  ill  reel:  and.  put  in  n. 
heavy  bloc'.:  of  conorote  just  downstream  from  tho  too  of  tho  eon- 
croto  apron.  2 ho  surface  of  tho  now  concrete  would  be  sloped  up 
to  fit  tho  profile  of  the  apron  pavinc  and  would  replace  u part 
of  this  pavinj. 

SO  ) ^ 1-i.  I-Jt.-  on. 

Offioiul  photos  and  cross  sections  indicate  paving  ap- 
parently unyrouted  laid  partly  on  earth  or  fill.  Aft  or  unwat  or  inf 
tho  pool  and  inspecting  tho  rod:  beneath  and  dcv.notroam  from  the 
our  on  at  enough  places  to  bo  assured  that  tho  rod:  has  not  soften- 
ed or  bosoms  oroded  in  a serious  way*  it  may  bo  found  sufficient 
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to  relay  all  disturbed  or  underlined  paving  and  grout  the  join La 
with  cement  nor tar.  J 7 foot  flood  should  ho  in  mind  in  inspect- 
ing i.nu  repairing  this  apron.  Inspection  art  or  every  flood  is  a 
particularly  important  cut;/  considering  the  laminated  xiaturo  of 
this  Chula  (.aid  its  tendency  to  go  to  pieces  when  opposed.  It  is 
expected  that  the  continued  wetness  of  tho  stream  bod  lias  prevent- 
ed deterioration  such  as  has  taken  place  in  tho  rock  which  has  boon 
cxrposed  to  air. 

to)  Cut-. in. ■ Off  feenago  Ihron.vh  flam. 

file  test  holes  which  have  been  previously  mentioned  in 
tho  report  will  be  used  not  only  to  test  quality  of  masonry  but 
also  to  tost  tho  possibility  of  grouting  in  such  a way  as  to  inter- 
cept the  seepage  which  is  nov;  coming  through  the  dan  in  numerous 
places,  if  this  solution  is  found  feasible,  vihich  is  not  at  ell 
sure , tho  holes  already  described  under  paragraph  (a)  above  can 
also  do  used  for  this  purpose.  In  any'  case  it  should  bo  possible 
eftor  preparing  the  upstream  face  of  the  dan  to  caulk  and  grout  any 
visible  joints  and  waterproof  any  porous  places  that  will  bo  depos- 
ed. linking  tho  upstream  fo.ee  of  tho  dan  tight  is  necessary,  other- 
wise any  new  masonry  placed  downstream  is  likely  to  retain  water 
behind  it  and  bo  disturbed  by  free sing,  furthermore,  tho  old 
masonry  may  keep  on  deteriorating  behind  tho  now  if  it  is  wot  and 
free ccs. 

(f)  honoring  Unsound  lusunry. 

fho  unsound  masonry  can  bo  removed  easily  by  air  chisel, 
possibly  by  the  aid  cf  ho so  streams  boforo  and  after  using  the 

chisel,  fhe  total  quantity  will  bo  vory  considerable.  Chore  is 

not. ring  dif— r^alt  hcv.,G,t*ed  tho  ~~  . 

cr‘  0.0.  operation  and  everybody  egress 


that  this  rotten  concrete  must  *00  ronoved  down  to  sound  net  oriel  be- 
fore placing  nov/  material  for  tho  outsido  surface,  fhe  cloanncos  of 

tho  dcv.natroam  faco  of  tho  spillway  cs  obaorved  after  tho  spring 
overflow  suggests  that  strong  hoso  streams  nay  bo  used  to  advantago 
in  removing  no at  of  tho  rotten  concrete. 

(n)  I-Icv;  .’as-enry  cm  Upstream  end  Bomnstroan  Faces. 

In  order  taut  tkoro  shall  bo  no  danger  of  a repetition  of 

tho  frost  action  resulting  in  scaling  off  of  tho  surfaoo  nasonry  I 

boliovo  tho  new  surfacing  should  have  a substantial  thickness  and 
should  be  bonded  to  tho  old  masonry  not  alono  by  groovos  but  alco 
by  stool  anchors  grouted  into  drilled  ho7.es  in  tho  old  nasonry.  I 
have  in  mind  a thickness  of  about  2 feet  though  detailed  study  nay 
indicate  tho  desirability  of  nuking  tho  new  nasonry  thiohor  than  2 
feet  at  the  bottom  and  perhaps  it  nay  bo  reduced  to  15"  or  10"  at 
tho  top.  ’-'hero  is  a problem  in  keeping  tho  pleasing  appoarar.ee  of 
tho  den  where  the  new  nasonry  terminates  at  tho  top*  (this  is  par- 
ticularly truo  on  the  downstream  face  near  tho  top  vhoro  there  is 

cm  ornamental  oomiee  with  arohes* 

\ 

On  tho  downstream  faco  at  least,  o:cc ept  near  the  or.ds  of 
tho  dam  where  tho  head  is  low,  tho  new  masonry  should  bo  footed  in 
sound  rock  (or  nasonry  in  tho  spillway)  and  bor.dod  by  shoulders  in 
order  to  so  euro  tho  advantage  in  stability  resulting  from  the  in- 
creased width  of  the  dam.  Below  tho  ground  lino  end  pool  lcvd  on 
the  downstream  faco  of  the  dan  and  below  tho  winter  water  level  on 
the  upstream  faco  of  tho  dam,  the  new  masonry  can  without  question 
bo  of  concrete  and  sufficient  cement  should  bo  used  to  be  sure  that 
there  will  bo  no  further  disintegration.  A ninturo  of  1;  2:  4 or 


4 


perhaps  1:  gg;  <L\-  cpproniuctoly  would  to  satisfactory,  tho  cuues 
proportions  of  a.-eid  and  stone  to  bo  determined  to  as  bo  give  the 
densest  practicable  ni:-:.  Above  tho  lev  cl  a previously  mentioned, 
it  weald  Goon  best  to  use  stono  masonry  of  c pemanonoo  c end  to 
tho  very  rood  ctono  which  was  used  for  tho  oyclopoon  blocks  unci 
also  for  tho  paving  which  is  visiblo  downstream  froa  tho  dun  and 
allows  absolutely  no  disintegration,  of  oven  tho  sharpest  corners  of 
tho  stone  blocks* 

Discussing  further  the  kind  of  nusonry  to  bo  used  for  the 
lower  parts  of  tho  repairs,  there  will  bo  an  advantage  in  using 
concrete  ausonry  below  ground  on  the  downstream  fsco  even  if  stono 
could  ho  had  for  tho  seme  prico  becuuso  tho  coiicroto  will  bend  core 
strongly  with  tho  present  masonry  and  groovos  oan  bo  out  to  insure 
tho  shearing  strength  between  now  end  old  masonry  necessary  to  nsko 
tho  two  parts  sot  together  in  producing  stability  of  thd  structure. 

deferring  further  to  tho  artistic  question  of  Joining  now 
and  old  masonry  at  the  top  of  tho  dsn,  a thoroughly  satisfactory 
solution  can  only  bo  worked  out  cn  tho  drafting  board  which  will  of 
c our  so  bo  done  by  the  engineering  forco  voider  tho  State  Engineer 
and  Surveyor.  It  is  tho  intention  of  tho  Stato  authorities  cs  op- 
pressed to  no  to  prepare  the  do signs  and  contract  for  tho  repair 
work  after  the  test  borings  huvo  been  undo*  It  villi  thon  bo  pos- 
sible to  go  to  tho  legislature  norvt  winter  and  proceed  with  tho 
repairs  the  following  season, 
i o rk  SI :ould  bo  done  in  Sur.no r if  Posolblo, 

Chore  was  some  discussion,  between  Supt,  of  ihiblio  VJorks 
Creeno,  Stato  krgircor  and  Surveyor  La  Lu  and  tho  writer  as  to 
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whether  tio  repairs  could  properly  bo  done  in  the  winter  in  or- v_r 
th.-.u  tho  reservoir  might  bo  used  for  * c-udiny  the  Canal  without  in- 
terruption during  the  season  of  navigation.  ihcro  is  no  Question 
lb- at  it  la  physically  possible  to  ncko  tile  repairs  in  winter  but 
tins  would  add  at  least  v"?GtOOO  I think  and  perhaps  core  to  their 
coat  since  there  would  have  to  be  a steam  heated  housing  over  all 
parts  where  masonry  was  being  placed  aral  adequate  protection  would 
have  to  be  left  in  place  until  tho  masonry  was  well  sot  to  avoid  a 
repetition  of  tho  disintegration, 

X an  inclined  to  think  that  a computation  of  the  amount 
of  v:ator  required  for  tho  canal  undor  present  traffic  conditions 
will  show  that  tho  summit  level  can  be  adequately  fed  from  the 
other  available  sources*  It  nay  bo  necessary  to  curtail  to  some 
entent  tho  froedon  with  which  pleasure  hoat3  can  pass  tho  loohs; 
that  is  it  may  bo  ncoessary  to  pass  then  in  groups  at  certain  times 
and  not  whenover  they  cono  along.  It  is  certainly  worth  consider- 
able care  and  planning  to  avoid  tho  expense  and  constructional  dis- 
advantages of  making  those  repairs  during  freezing  weather, 
f.clmor.ic  dgonenta. 

In  conclusion  I would  liho  to  ncke  acknowledgement  of  the 
cooperation  afforded  no  by  your  Connittco  uni  by  engineers  formerly 
connooted  with  the  Largo  Canal;  also  of  tho  courtesies  extended  on 
all  my  visits  by  duporintendont  of  Public  VJorks  Predcriok  S.  Greene, 
ft  ate  Engineer  end  Surveyor  ibvight  D.  La  Eu  and  Commissioner  of 
Canals  Key  h.  Puller. 

homo  Chamber  of  Connoroo  Should  maintain  Interest. 

Pho  proposed  program  of  dupt.  Grocuo  cud  dtatc  Engineer  L:  ); 
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PART  I 

Materials  Bureau  Trip  Report  on  Delta  Dain,  Rome  New  York 

"INSPECTING  DELTA  DAM  FOR  SOURCE(S)  OF  LEAKS  EVIDENT  ON  DAM  FACE" 

NYS  DOT  Region  2 Personnel  Contacted: 

Chester  Urbanczyk  Ben  Sweeney 

Edward  Sears  Henry  Zwyack 

DATE:  12/1/76 
PIN:  ML7201 .70.116 

FROM:  E.  F..  DiCocco 
TO:  R.  H.  Obuchowski 


1 


R.  H.  Gbuchowski  and  E.  F.  DiCocco  visited  the  Delta  dam  on  11/15/76  and 
11/17/76.  The  purpose  of  the  visits  was  to  determine  the  source  of  leak(s) 
evident  on  the  face  of  the  dam.  The  following  persons  were  contacted  at  the  darn. 


Name 


Official  Capacity 


Ed  Sears 
Chet  Urbanczyk 
Ben  Sweeney 
Henry  Zwyack 


Gatehouse  Attendant  at  the  dam 
R-2  Canals  & Locks  Engineer 
R-2  Canals  & Locks  Superintendent 
R-2  Head  of  Canals  & Locks 


The  following  contracts  on  the  dam  are  on  microfilm.  They  are  all  available 
from  Carl  Tiemann  of  the  NYSDOT  Waterways  unit  at  telephone  (518)  457-4474. 


Contract 

MICROFILM 

NO. 

Number 

Roll 

F rame 

Type  of  Work 

229 

10 

473 

Original  Construction 

M56-6 

22 

237 

Repair 

M58-13 

22 

303 

Repair 

DELTA  DAM  HISTORY 


1911  - Dam  Constructed 

1926-  1927  - A layer  of  concrete  was  placed  across  the  upstream  face  of  the 

dam  to  reduce  seepage.  The  downstream  face  of  the  dam  was  covered  with 
a "weatherproof  facing  of  gunite"  to  stop  the  disintegration  of  the 
existing  downstream  face.  The  work  was  done  by  Department  forces 
and  lapsed  over  at  least  one  winter. 


1956  - Contract  M56-6  issued  to  grout  leaking  areas  of  dam  face.  We 
(Materials  Bureau)  have  parts  of  these  contract  plans. 


1959  - Contract  M58-13  issued  to  "shotcrete"  dam  spillway  and  face.  I 
don't  believe  we  have  any  copies  or  portions  of  these  plans. 

PROBLEM  LEAK(S) 

Upon  initial  inspection  of  the  dam  leak(s),  it  was  evident  that  the  flow 
of  the  leak  is  steady.  This  means  that  the  leak(s)  are  fed  by  a constant 
flow  and  the  only  obvious  source  capable  of  supplying  a constant  source 
of  water  must  be  the  reservoir  behind  the  dam.  However,  it  is  not  obvious 
how  the  water  from  the  reservoir  finds  its  way  to  the  leak(s)  at  the  face  of 
the  dam.  Diagrams  I and  II  (attached)  depicts  the  situation.  Diagram  I 
shows  the  dam  in  general  view  from  its  downstream  face.  Diagram  II  is  a 
closeup  view  of  section  C depicted  in  diagram  I. 


Trip  ol  11  / 1 5/ tO,  (III)  4 RHO)  On  this  trip,  R.  Obuchowski  and  E.  I . DiCocco 
took  several  pictures  ot'  the  situation,  discussed  the  general  problems 
with  Chet  Urhanczyk  and  Ben  Sweeney  of  Region  2 and  took  the  measurements 
(approximate)  given  on  diagrams  I and  II  of  this  report.  The  drains  (14  2) 
at  the  bottom  of  t ho  dam  were  also  exposed  for  inspection.  We  retrieved  a 
sample  of  a white,  sedimented  material  that  was  plugging  each  drain.  The 
Materials  Bureau  Chemistry  Lab  analyzed  this  material  and  reported  (76LUE2476) 
that  it  was  probably  Calcium  Hydroxide  (Ca(0ll)2).  This  is  probably  a product 
of  water  leaching  into  and  through  the  dam  slowly  and  carrying  the  Calcium 
Hydroxide  into  the  drains  and  eventually  plugging  them  over  the  lifetime  of 
the  dam.  The  drain  intakes  (1  4 2)  at  the  top  of  the  dam  were  also  chipped 
open  for  examination.  We  found  that  drain  1 was  filled  with  water  and  sand 
(apparently)  up  to  about  5.5  feet  from  the  top  deck  of  the  dam.  The  last 
5.5  feet  were  clear.  The  condition  of  drain  2 was  the  same  as  drain  1 except 
that  the  top  4'  were  clear  of  water  and  sand.  We  do  not  know  whether  or  not 
these  drains  were  purposely  filled  with  sand  at  the  time  of  their  construction 
If  they  were,  it  was  probably  to  keep  the  flow  rate  of  water  low  so  as  to  try 
to  minimize  erosion,  scouring  and  leaching  of  the  concrete  in  the  dam.  Drains 
1 4 2 are  the  2 drains  closest  to  leak(s)  1 & 2 (See  diagram  II).  More 

drains  are  to  the  right  of  drains  1 4 2.  These  were  not.  exposed  or  inspected. 

We  do  not  know  what  their  condition  is.  All  vertical  drains  were  placed  at 
vertical  (cold)  concrete  construction  joints  at  the  time  of  dam  construction. 
The  inspected  drains  1 4 2 at  the  bottom  of  the  dam  exhibited  no  water 
draining  out.  Therefore,  we  do  not  feel  that  the  water  flow  rate  in  these 
two  drains  is  sufficient  to  feed  apparent  leaks  1 & 2.  During  this  inspection 

we  also  noted  that  the  reservoir  level  was  8.4'  from  the  top  of  the  dam.  This 

corresponds  to  an  elevation  of  550'  from  sea  level.  In  addition,  water  was 
flowing  over  the  main  dam  spillway. 

Trip  of  1 1/17/76  (EFD  4 RHO)  On  this  trip,  R.  Obuchowski  and  E.  F.  DiCocco 
met  with  Chet  Urbanczyk  and  Ed  Sears.  We  placed  Rhodamino  rod  dye  in  drains 
1 4 2 at  the  top  of  the  dam.  We  expected  the  dye  to  come  out  at  either  of 
leaks  1 4 2 or  both.  However,  nodye  came  out  at  either  leak.  This  confirms 
that  the  two  drains  (1  4 2)  are  not  feeding  the  two  evident  leaks  (1  4 2). 

The  dye  did  come  out  of  various  construction  joints  near  the  two  drains  tested 
Dye  leaked  from  both  vertical  and  horizontal  construction  joints.  To  get  some 
idea  of  the  leaking  rate  of  the  two  drains,  we  timed  the  dye  and  obtained  the 
following  results: 

Dra i n 1 (West) 

Start  Dyeing 

Dye  visible  at  horizontal  construction 
joint  10'  down  from  top  of  dam 
Dye  n<rt  visible  at  base  drain 

Dra  in  2 (East) 

Dye  immediately  visible  (5  minutes)  at  vertical  and  horizontal  construction 
joints  10'  from  top  of  dam. 


11:14  am 

11 :45  am 
2:15  pm 


During  this  dyeing  process,  wc  refilled  each  drain  3 times  to  the  top  in  order 
to  provide  enough  pressure  head  and  water  to  carry  the  dye  out.  Rhodamine  dye 
is  very  powerful.  It  should  be  used  sparingly.  A paper  cupfull  is  enough  to 
stain  large  areas  (100  ft.  ) of  water.  Rhodamine  is  also  reported  to  be 
harmless  to  fish  and  water  plant  life.  We  have  8 pictures  (yet  to  be  developed) 
showing  this  dyeing  process  and  resultant  staining.  The  dyeing  confirmed  that 
the  2 vertical  drains  tested  are  not  feeding  the  leak(s).  Since  the  other 
vertical  drains  are  even  further  from  leaks  1 & 2 than  are  drains  1 & 2, 
we  do  not  feel  that  they  are  connected  to  and  feeding  the  leaks  either. 

Trip  of  11/23/76  (LFD  & RAM)  On  this  trip  R.  Marcucci  and  E.  F .DiCocco  met 
with  Ed  Sears  and  Chet  Urbanczyk  at  the  Delta  dam.  We  tried  placing  dye  in 
the  reservoir  at  the  level  of  leak  1 (30 '+_  from  dam  top).  The  dye  did  not 
come  through  at  leak  1,  but  was  drawn  around  the  valve  house  by  the  tremendous 
suction  of  water  due  to  the  outlet  valve  on  the  opposite  side  of  the  valve 
house. 

A ladder  was  placed  on  the  face  of  the  dam  and  E.  F.  DiCocco  inspected  both 

leaks  (1  & 2).  Leak  2 is  not  a true  leak.  It  is  fed  by  leak  1 and  the  water 

spreads  out  along  the  shotcrete  construction  joint  at  apparent  leak  2. 

However,  the  water  is  not  leaking  out  at  the  construction  joint  at  leak  2. 
Therefore  the  only  true  leak  seems  to  be  leak  1.  Because  we  discovered  that 
leak  2 is  not  a true  leak,  we  did  not  try  dyeing  at  its  level  (43 ' from  top 
of  dam)  behind  the  dam  in  the  reservoir. 

We  then  tried  dyeing  in  the  westernmost  intake  well  (closest  to  leak  1)  in 
the  valve  house  itself.  We  also  transferred  the  open  outlet  valve  draining 
the  reservoir  from  the  stated  intake  well.  The  dye  in  tiie  intake  well  was 
v/ell  stirred  and  mixed  with  the  water.  No  dye  came  out  anywhere.  At  this 

point  we  are  not  able  to  report  the  source  of  the  leak.  Obviously,  many 

possibilities  exist.  We  suspect  that  the  water  is  somehow  infiltrating 
through  construction  joints  to  the  leak. 

We  have  left  the  dye  with  Ed  Sears,  the  valve  house  attendant.  He  has  tried 
dyeing  various  intake  wells.  To  date,  12/1/76  we  (the  Materials  Bureau) 
have  received  no  word  of  results.  If  positive  results  had  been  obtained, 
the  Materials  Eureau  would  have  been  notified. 

OPINION.  After  reviewing  the  M56-6  contract  plans,  we  found  that  leak  1 is 
just  about  centrally  located  in  an  area  of  grout  repair  holes.  It  may  be 
that  the  original  leak(s)  of  the  M56-6  contract  were  not  adequately  sealed 
and  that  they  eventually  reworked  their  way  to  the  present  leak.  The  leak 
is  located  at  station  3+10  at  elevation  530'.  This  corresponds  to  within 
2'+  of  a grout  drill  hole  as  shown  on  the  plans. 

OPTIONS  AND  FUTURE  WORK : 

1.  Ed  Sears  & Chet  Urbanczyk  will  continue  monitoring  the  situation.  They 
will  notify  Materials  if  anything  happens. 


2.  The  reservoir  will  be  lowered  to  about  the  level  of  leak  1 for  the  winter. 
We  plan  to  inspect  the  reservoir  side  face  of  the  dam  when  the  lake  is 
frozen  in  the  winter. 

3.  SUGGESTION.  Perhaps  an  infrared  photograph  of  the  dam  face  (downstream) 
Teak  area  will  reveal  the  extent  of  water  infiltration.  This  idea  might 
be  further  explored. 

4.  If  all  else  fails,  exploratory  chipping  of  the  leaking  area  might  be 
done  by  department  forces  next  spring  and  summer. 

NOTE:  We  have  various  plans  and  photographs  and  slides  for  inspection  by 
whoever  is  interested. 

Trip  of  1/20/77  (RHO  & RCB)  Ed  Sears,  R.  C.  Babyak  & R.  H.  Obuchowski 
inspected  the  Delta  Dam.  The  following  conditions  at  or  near  the  dam  were 
noted: 


a.  Top  of  Dam  Elevation  558.4' 

b.  Approximate  Elevation  of  Leak  One  529.1' 

c.  Approximate  Elevation  Difference  (a-b)  29.3' 

d.  Reservoir  Level  on  1/20/77  534.7' 

e.  About  two  (2 * ) of  snow  on  the  ground. 


f.  Construction  joints  on  the  upstream  face  of  the  dam  were  deteriorated 

at  the  edges.  Deterioration  extended  about  4"+  deep.  This  deterioration 
may  be  causing  or  contributing  to  leak  one. 

g.  Blocks  of  ice  at  upstream  side  of  dam  hiding  water  level  at  approximate 
level  of  leak.  This  made  it  very  difficult  to  observe  upstream  face 

at  approximate  level  of  leak  one. 

h.  Approximately  10"  layer  of  ice  buildup  covering  leak  1.  Ed  Sears  tried 
dyeing  the  westernmost  intake  well  prior  to  1/20/77.  On  that  same  day, 
no  dye  was  visible  at  leak  one  level  4 hours  after  placing  the  Rhodamine 
red  dye  in  intake  well.  However,  red  dye  was  possibly  visible  on  1/20/77 
at  leak  one  location.  However,  this  observation  was  not  certain. 

Observations  a-h  address  themselves  to  options  1 & 2 on  pages  3 and  4 of  this 
Trip  Report.  Referring  to  options  3 and  4 on  page  4 of  this  Trip  Report,  we 
did  no  exploratory  chipping  of  the  concrete  in  the  area  of  leak  one.  Neither 
did  we  pursue  the  infrared  photograph  option  any  further. 


PART  II 
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"DELTA  DAM  REPAIR  ALTERNATIVES 
AND  RECOMMENDATIONS" 


DATE: 

February  9,  1978 

PIN: 

ML  7201.70.116 

FROM: 

E.  F.  DiCocco 

TO: 

R.  H.  Obuchowski 

During  Uio  past  year,  field  crews  from  this  office  inspected  the  Delta  datn 
near  Rome,  NY  several  times  in  attempts  to  determine  the  source(s)  of  the 
dam  leak  on  the  downstream  face  of  the  eastern  end  of  the  dam.  As  noted  in 
Part  I of  the  trip  report  (p.  3),  we  have  concluded  that  leak  number  one 
appears  to  be  the  only  true  leak.  The  approximate  location  of  leak  one  is 
shown  in  the  section  "C"  diagram  on  page  5 of  the  trip  report.  The  report 
is  written  by  E.  F.  DiCocco  to  R.  H.  Obuchowski  and  dated  12/1/76.  It 
includes  and  explains  the  reasoning  for  some  of  our  conclusions  and  findings. 

It  also  lists  previous  repair  contract  identifications  and,  where  copies  of 
the  contract  plans  can  be  obtained.  This  12/1/76  report  should  be  read  in 
order  to  obtain  a better  understanding  of  our  findings. 

No  leaks  or  problem  areas  are  visible  at  the  western  end  or  spillway  of  the 
dam.  Therefore,  this  report  only  deals  with  the  eastern  end  of  the  dam  and 
the  known  leak. 

The  leak  is  flowing  steadily,  but  does  not  appear  likely  to  cause  a catastrophic 
failure.  Its  flow  is  hiqh  enouqh  so  that,  in  time,  additional  material  will 
be  leached  and  washed  out  of  the  concrete  in  the  dam  causing  the  leak  to 
worsen.  Any  increase  in  flow  may  cause:  erosion  problems  in  the  soil  at 
the  base  of  the  dam;  water  problems  at  the  valve  control  building  at  the 
base;  further  washout  in  the  concrete.  The  leak  should  be  stopped  and  pre- 
vented from  expanding  beyond  its  present  size.  Repairing  the  leak  will 
eliminate  any  need  for  expensive  emergency  repairs  to  it  in  the  future. 

There  are  several  other  seepage  areas  at  the  downstream  eastern  side  of  the 
dam  (see  1977  color  photos  - Table  B).  Some  of  the  repair  alternatives  will 
also  help  in  remedying  these  seepage  problems.  However,  we  do  not  feel  these 
seepage  areas  are  very  critical.  The  most  important  problem  is  leak  number 
one. 

The  color  photos  in  Table  B also  reveal  that  the  shotcrete  facinq  oriqinally 
placed  circa  1927  is  very  deteriorated.  Although  this  deteriorated  shotcrete 
is  unsightly,  we  do  not  feel  that  it  needs  to  be  removed  and  replaced  to  main- 
tain the  structural  integrity  of  the  dam.  However,  since  the  Delta  reservoir 
is  part  of  Delta  Lake  State  Park,  and  the  general  public  frequently  sees  the 
"apparent  condition"  of  the  dam,  you  may  want  to  replace  the  deteriorated 
shotcrete  with  a cosmetic  facade.  Cost  considerations  should  control  this 
option. 

During  our  inspections,  we  noticed  that  some  of  the  construction  joints  on 
the  upstream  facing  were  deteriorating.  These  deteriorating  joints  may  be 
providing  water  with  access  routes  to  the  construction  joints  in  the  main 
body  of  the  dam  beneath  the  two  foot  (+)  facing.  This  2'+  facing  is  shaded 
blue  on  the  cross  sectional  view  of  Delta  Dam  on  page  5/8  of  the  M56-6 
contract  drawing.  The  water  may  then  be  infiltrating  along  the  main 
construction  joints  to  steadily  feed  the  observed  leak.  Presuming  this  to 
be  the  problem,  we  recommend  the  following  four  repair  alternatives.  These 
repairs  might  possibly  be  done  with  NYSDOT  Maintenance  forces,  ■'y  scaling 
this  work  to  fit  their  capacity  and  concentrating  on  the  area  of  the  leak. 


The  lowest  level  of  the  reservoir  encountered  during  our  inspections  was 
about  30  feet  from  the  top.  This  left  a water  depth  of  about  50  feet. 

Because  of  this,  we  are  not  exactly  certain  what  the  condition  of  the  dam 
facing  is  within  the  lower  50  feet.  The  facing  may  be  deteriorated  more 
or  less  extensively  than  now  suspected. 

From  our  inspections,  we  propose  repair  alternatives  A,  B,  C and  D to  stop 
the  leak.  Alternatives  A,  B and  C are  listed  in  order  of  increasing  effort 
and  cost.  Alternative  D is  our  primary  recomuendation  and  the  least  costly. 

ALTERNATIVE  A 

Patch  the  two  foot  (+)  thick  facing  on  upstream  eastern  end  of  the  dam.  The 
repair  should  be  as  follows:  Drain  the  Delta  reservoir  completely.  Then,  chip 
the  existing  concrete  along  all  v'erticaT"and  horizontal  construction  joints  in 
the  facing.  The  chipping  should  straddle  each  joint  and  should  be  continued 
into  concrete  that  is  not  deteriorated.  Clean  out  all  deteriorated  and  loosely 
bonded  existing  material  in  and  around  the  chipped  out  joints.  Then,  sandblast 
these  chipped  out  areas  until  a sound,  clean  surface  is  obtained.  Where  large 
patch  areas  are  necessary,  anchor  steel  reinforcing  mesh  to  the  sound  concrete 
of  the  dam.  Then,  fill  in  the  chipped  out  joints  with  a mortar  mix  proportioned 
1:2  (cement: sand)  by  volume.  A stiff  mortar  mix  can  be  hand-packed  into  the 
joints  or  wooden  or  metal  forms  can  be  placed  to  shape  the  plastic  mortar  to 
match  the  original  shape  of  the  dam's  upstream  facing.  The  freshly  placed 
mortar  should  be  allowed  to  cure  at  least  one  day  prior  to  reimnersing  it  in 
water.  This  length  cure  should  allow  the  fresh  mix  to  set  well  enough  so  that, 
when  it  is  reimmersed  in  water,  its  strength  will  not  be  affected  due  to  a 
disruption  of  its  water/cement  (w/c)  ratio. 

V.'hile  the  reservoir  is  drained,  it  would  be  convenient  and  advantageous  to 
inspect  the  full  depth  of  all  intake  wells  carefully.  In  addition,  both  sides 
of  the  spillway  and  the  upstream  western  end  of  the  dam  should  also  be  carefully 
inspected  at  this  time. 


ALTERNATIVE  B 


Pressure  grout  the  entire  eastern  end  of  the  dam.  This  could  be  done  with 
conventional  methods  of  pressure  grouting  into  deep  vertical  predrilled  holes 
through  the  top  of  the  dam.  The  grout  holes  should  be  drilled  approximately 
5 feet  apart  or  less.  Grouting  should  progress  from  the  bottom  upwards. 

The  grout  should  be  a pure  cement  slurry  or  epoxy  grout  without  any  sand.  ■ - 
Similar  pressure  grouting  was  conducted  on  the  Delta  dam  under  repair 
contract  M56-6. 

During  our  inspections,  we  exposed  two  vertical  drains  (drains  1 and  2,  p.  5 
of  the  Part  I report).  Each  of  these  drains  was  plugged  with  efflorescence 
product  from  about  5'  from  the  top  to  the  bottom  of  each  drain.  This 
efflorescence  was  caused  by  water  leaching  through  cracks  and  seams  in  the 
concrete  and  depositing  the  residue  in  the  drains.  The  configuration  of 
these  drains  is  shown  in  a xerox  copy  of  a photograph  taken  in  October  1909 
during  the  original  construction  of  the  dam.  This  photo  is  labeled  C-l. 
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The  drain,  interlocking  keyways,  and  cyclopean  masonry  are  clearly  marked. 

We  are  concerned  that  similar  efflorescence  product  may  have  been  deposited 
in  cracks  and  joints  throughout  the  dam  during  its  lifetime.  If  this  is  the 
case,  the  pressurized  grout  material  may  not  bond  well  to  the  efflorescence 
and  not  completely  seal  the  joints,  cracks  or  leak(s).  We  have  attached  an 
article  from  the  10/74  issue  of  Public  Works  magazine  which  describes  some 
advantages  and  problems  associated  with  epoxy  grouting  procedures. 

ALTERNATIVE  C 

Drain  the  reservoir  fully.  On  the  eastern  upstream  face  of  the  dam,  remove 
the  existing  nominal  two  foot  thick  (+)  facing  until  original  concrete  is 
encountered  that  is  not  deteriorated.  Also  chip  out  repairs  that  may  have 
been  done  under  alternative  A as  necessary.  Anchor  suitably  sized  reinforcing 
bars  into  the  original  sound  concrete  that  has  been  uncovered  by  removing  the 
nominal  2'  (+)  facing.  Place  formwork  to  reconstruct  the  facing  to  the 
original  configuration  or  thicker.  Then  resurface  the  entire  eastern  upstream 
face  of  the  dam  with  suitable  NYSDOT  Class  A concrete.  This  pour  should 
progress  in  stages  vertically  upwards  from  the  base  of  the  dam.  The  fresh 
concrete  should  be  properly  vibrated  as  work  progresses  in  each  stage.  New 
joints  should  be  formed  and  sealed  using  waterstops.  The  fresh  concrete 
should  be  reimmersed  in  water  as  described  in  alternative  A. 

We  do  not  recommend  shotcrete  as  a substitute  for  this  procedure.  We  believe 
that  if  shotcrete  were  used,  rebound  losses  of  up  to  30%  of  the  shotcrete 
projected  would  occur.  This  high  rebound  loss,  the  thickness  required  (2'+), 
and  the  special  procedures  and  equipment  needed,  would  make  shotcreting  too 
expensive. 

ALTERNATIVE  D 

Pressure  grout  in  the  immediate  vicinity  of  the  leak  until  water  flow  is 
sufficiently  negligible  or  completely  stopped.  Grouting  should  progress 
from  leak  number  one  and  radiate  outward  in  all  directions.  The  grout  can 
be  either  an  epoxy  type  or  cement  slurry.  The  grout  should  be  capable  of 
rebonding  cracks  and  delaminations  in  the  concrete. 

After  reviewing  several  epoxy  typo  grouts,  we  can  recommend  one  with  reason- 
able certainty  of  success.  This  product  is  "Niklepoxy  concrete  injection 
resin  - product  #3".  It  is  manufactured  by  Rocky  Ilountain  Chemical  Company. 
This  material's  primary  advantages  are  claimed  to  be: 

1.  It  is  capable  of  rebonding  cracks  and  delaminations  in  Portland  cement 
concrete  in  the  presence  of  water  and  at  temperatures  as  low  as  0°C 
(32°F) . 

2.  On  frost  free  dry  surfaces,  the  system  can  be  applied  and  can  develop 
strength  at  temperatures  as  low  as  -23°C  ( - 1 0 ° F ) . 

3.  The  resin  can  be  injected  at  relatively  low  pressures  (10  to  25  psi ) 
above  the  counteracting  water  pressures.  Counteracting  pressures  should 


. 
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bo  less  than  20  psi  for  adequate  performance. 

For  the  reader's  convenience, we  have  included  a copy  of  the  information 
sheet  on  this  product. 

Other  epoxy  grouts  are  available  from  various  other  manufacturers  and 
distributors.  Based  on  their  product  literature,  we  do  not  feel  they  will 
perform  as  well.  However,  these  other  products  should  be  carefully  examined 
to  determine  their  suitability.  This  Bureau  is  presently  engaged  in  evaluating 
these  other  epoxy  materials  via  consultations  with  their  distributors. 

Alternative  D is  our  primary  alternative.  We  feel  it  is  the  cheapest  method 
of  stopping  the  leak.  It  should  be  tried  first.  Alternatives  A,  B,  and  C 
should  be  considered  if  D fails. 

CAUTIONS  CONCERNING  EPOXY  GROUT 


Some  epoxy  mortar  grout  compounds  are  very  toxic.  Others  are  less  toxic. 

If  epoxy  grout  is  used  in  repairing  the  Delta  dam,  care  should  be  exercised 
to  ensure  that  the  Delta  Lake  reservoir  is  not  contaminated  with  toxic  com- 
pounds. This  problem  may  be  particularly  important  in  this  case  because  the 
Delta  reservoir  is  connected  with  the  barge  canal  system  and  the  Mohawk 
River.  The  river  is  used  as  a water  supply  by  some  municipalities.  However, 
the  Delta  reservoir  itself  is  not  a city  water  supply.  Epoxy  grouts  can  be 
used  safely  if  placed  in  accordance  with  manufacturer's  directions. 

SUGGESTIONS 


During  our  2/22/77  inspection  of  the  dam,  we  inspected  the  westernmost  intake 
well  in  the  gatehouse.  The  water  level  in  the  well  was  dropped  about  30'  from 
the  top.  Substantial  concrete  cracking  on  the  interior  walls  of  the  intake 
well  was  observed.  We  believe  this  observed  cracking  may  be  contributing  to 
the  downstream  face  leak  and  seepage  areas.  Therefore,  any  repair  of  the  dam 
should  consider  an  examination  of  all  intake  wells  for  possible  necessary 
repairs.  The  intake  wells  should  be  repaired  where  warranted.  Photographs 
B-7,  B-8  and  B-9  in  Table  B are  typical  examples  of  the  intake  v/ell  deter- 
ioration we  observed. 

We  also  recommend  that  all  vertical  drains  plugged  with  efflorescence  be 
cleaned  out.  This  can  probably  be  accomplished  by  jetting  water,  under  high 
pressure,  into  the  drains.  Fire  hoses  might  be  suitable  for  this.  Water 
jetting  should  proceed  from  the  bottom  of  each  drain  upwards.  This  pro- 
cedure allows  loosened  materials  to  v/ash  back  out  through  the  bottom  of  the 
drains.  Once  the  drains  are  cleaned  out,  they  will  probably  be  working. 
Therefore,  an  interceptor  pipe  should  be  placed  at  the  base  of  the  drains 
to  carry  seepage  water  to  a suitable  drainage  area.  A possible  drainage 
area  outlet  for  the  interceptor  pipe  is  onto  the  rip-rap  near  the  dam 
spillway. 


«t;  C'j  no*.  r : vr.'J  piecing  a 'waterproof  n/imbrane  between  trie  cr. •, pped  c r.d 
new  facings  of  alternative  C for  two  reasons: 

1.  The  chipped  face  would  have  to  be  smoothed  over  with  mortar  so  that  the 
rough  chipped  concrete  could  not  puncture  the  membrane.  This  smoothing 
process  requires  very  careful  time  consuming  and  costly  repairs. 

2.  Even  if  it  were  feasible  to  place  the  membrane  in  the  suggested  manner, 
the  membrane  would  act  as  a "bond  breaker"  between  the  new  facing  and  the 
old  concrete.  Obviously,  this  is  not  desirable  because  the  new  surfacing 
would  likely  peel  away  from  the  membrane  and  the  dam. 

We  also  do  not  reconinend  placing  a waterproof  membrane  over  the  new  upstream 
face  resurfacing.  Although  this  seems  a good  idea,  we  strongly  believe  that 
repeated  winter  icing  action  on  the  membrane  would  seriously  damage  it.  This 
is  undesirable  because  a torn  or  damaged  membrane  cannot  perform  as  the  intended 
water  barrier. 

Since  the  leak  and  seepage  occurs  on  the  eastern  side  of  the  dam,  we  do  not 
recommend  any  repairs  on  the  downstream  face  of  the  spillway  or  western  end 
of  the  dam  at  this  time. 

Interesting  insight  into  this  dam's  construction  history  can  be  found  in  this 
report  dated  6/7/24: 

"Report  on  Delta  Dam  to  the  Chamber  of  Commerce  Committee  of  Rome,  NY" 
by  Thomas  H.  Wiggin,  Consulting  Engineer,  50  Church  Street,  NYC,  NY 

The  report  gives  background  information  on  prior  Delta  dam  repairs  as  well  as 
on  original  construction  methods  including  "cyclopean  masonry"  and  block 
construction  in  stages.  Five  (5)  black  and  white  photographs  showing 
original  construction  operations  from  1909  to  1911  are  included  in  the  6/7/24 
report.  We  have  included  xerox  copies  of  two  of  these  5 photographs.  The 
xerox  copies  of  the  photos  are  labeled  C-l  and  C-2.  They  show  the  cyclopean 
masonry,  block  construction,  interlocking  keyways  and  vertical  drains.  The 
1924  report  should  be  studied  prior  to  developing  specific  repair  plans. 

To  aid  the  reader  of  this  transmittal  in  understanding  the  present  situation 
more  fully,  we  have  attached  Tables  A and  B with  a total  of  17  photographs 
showinq  the  problem  features  of  the  dam.  Each  photograph  is  numbered  and 
short  descriptions  are  provided. 

Table  A includes  8 black  and  white  photographs  circa  1956-1959.  These  pictures 
show  various  stages  of  repair  during  the  M56-6  contract  period.  The  present 
leak  (number  1)  is  in  the  chipped  out  area  shown  on  pictures  A-6,  A-7,  and 
A-8.  The  general  condition  of  the  dam  in  1959  is  also  evident  from  these 
pictures. 


Table  B displays  color  photographs  of  our  most  current  investigations. 

Phodam i r.c-  red  j'  is  evident  in  pictures  B-l,  B-2,  and  B-2.  Its  location  is 
circled  t r.  case  of  these  2 photos.  Blose-up  photos  of  lea>  ore  a^e  S'Sv.n 
in  photos  B-2  and  B-4.  In  each  of  these  photos,  leak  one  is  designated  by 
a hexagon. 


Sheet  5/8  of  the  M56-6  contact  plans  is  included  for  your  reference.  It 
shows  various  views  of  the  dam.  We  have  located  leak  number  1 on  this 
drawing.  All  dimensions  shown  in  red  pencil  are  approximate. 

To  reiterate,  we  feel  that  the  cheapest  repair  alternative  is  D.  Alternatives 
A,  B,  and  C follow  with  increasing  cost  if  D fails.  In  addition,  any  alter- 
natives chosen  should  consider  intake  well  repairs  as  well  as  an  examination 
of  the  entire  dam  when  the  reservoir  is  drained. 
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MAINTENANCE 

OPERATION  New  York  State  Department  of  Transportation 

RECORDS  Utica,  New  York 
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DRAINAGE  AREA  CHARACTERISTICS:  150  square  miles  rolling  woodland 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY):  550.0  (63.000  acre  feet) 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY):  N/A 

ELEVATION  MAXIMUM  DESIGN  POOL:  Unknown 

ELEVATION  TOP  DAM: 558.0 

CREST: 


a. 

Elevation 

550.0 

b. 

Type 

concrete  ogee 

c. 

Width 

— 

d. 

Length 

300.0 

e. 

Location  Spi 1 lover 

center  of  structure 

f. 

Number  and  Type  of 

Gates  None 

OUTLET 

a. 

V/ORKS: 

Type 

4-60"  steel  pipes 

b. 

Location 

East  of  center  of  clam 

c. 

Entrance  inverts 

'487.5 

d. 

Exit  i nver ts 

479.0 

e. 

Emergency  draindown 

facilities  Above  pipes 

HYDROMETEOROLOGICAL  GAGES: 

a.  Type Staff  gage Stream  gage  - U.S.G.S. 

b.  Location Dan  Upstream Downstream 

c.  Records  Dally  by  care  taker  U.S.G.S. 


j 

CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 


MAXIMUM  NON-DAMAGING  DISCHARGE  Hurricane  Agnes  - June  1972  -4.2*  over  spillway 

I L- 


